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GROUP B STREPTOCOCCUS VACCINE 

j 

5 

This application claims the benefit of U.S. Provisional Patent Application Serial No. 
60/410,839, filed September 13, 2002, which application is incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

10 This invention relates to polysaccharides from the bacteria Streptococcus agalactiae (GBS) 

and to their use in immunisation. 
BACKGROUND ART 

Once thought to infect only cows, the Gram-positive bacterium Streptococcus agalactiae (or 
"group B streptococcus", abbreviated to "GBS" (Ref. 1) is now known to cause serious disease, 

15 bacteremia and meningitis, in immunocompromised individuals and in neonates. There are two • 
types of neonatal infection. The first (early onset, usually within 5 days of birth) is manifested by 
bacteremia and pneumonia. It is contracted vertically as a baby passes through the birth canal. GBS 
colonises the vagina of about 25% of young women, and approximately 1% of infants born via a 
vaginal birth to colonised mothers will become infected. Mortality is between 50-70%. The second 

20 is a meningitis that occurs 10 to 60 days after birth. If pregnant women.are vaccinated with type HI 
capsule so that the infants are passively immunised, the incidence of the late onset meningitis is 
reduced but is not entirely eliminated. 

The "B" in "GBS" refers to the Lancefield classification, which is based on the antigenicity 
of a carbohydrate which is soluble in dilute acid and called the C carbohydrate. Lancefield identified 

25 13 types of C carbohydrate, designated A to O, that could be serologically differentiated. The 

organisms that most commonly infect humans are found in groups A, B, D, and G. Within group B, 
strains can be divided into at least 9 serotypes (la, lb, Ia/c, n, HI, IV, V, VI, VII and VJU) based on 
the structure of their polysaccharide capsule. In the past, serotypes la, lb, n, and HI were equally 
prevalent in normal vaginal carriage and early onset sepsis in newborns. Type V GBS has emerged 

30 as an important cause of GBS infection in the USA, however, and strains of types VI and Vm have 
become prevalent among Japanese women. 

The genome sequence of a serotype V strain 2603 V/R has been published (Ref. 2) and 
various polypeptides for use a vaccine antigens have been identified (Ref. 3). The vaccines currently 
in clinical trials, however, are based on polysaccharide antigens. These suffer from serotype- 

35 specificity and poor immunogenicity, and so there is a need for effective vaccines against 
S.agalactiae infection. 
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It is an object of the invention to provide further and improved GBS vaccines. 

DISCLOSURE OF THE INVENTION 

The inventors have realised that saccharide-based vaccines can be improved by using them in 
5 combination with polypeptide antigens, and vice versa, such that the polypeptide and the saccharide 
each contribute to the immunological response in a recipient. The combination is particularly 
advantageous where the saccharide and polypeptide are from different GBS serotypes. 

The combined antigens may be present as a simple combination where separate saccharide 
and polypeptide antigens are administered together, or they may be present as a conjugated 
10 combination, where the saccharide and polypeptide antigens are covalently linked to each other. 

Thus the invention provides an immunogenic composition comprising (i) one or more GBS 
polypeptide antigens and (ii) one or more GBS saccharide antigens. The polypeptide and the 
polysaccharide may advantageously be covalently linked to each other to form a conjugate. 

Between them, the combined polypeptide and saccharide antigens preferably cover two or 
15 more GBS serotypes (e.g. 2, 3, 4, 5, 6, 7, 8 or more serotypes). The serotypes of the polypeptide and 
saccharide antigens may or may not overlap. For example, the polypeptide might protect against 
serogroup II or V, while the saccharide protects against either serogroups la, lb, or HI. Preferred 
combinations protect against the following groups of serotypes: (1) serotypes la and lb, (2) serotypes 
la and II, (3) serotypes la and m, (4) serotypes la and IV, (5) serotypes la and V, (6) serotypes la and 
20 VI, (7) serotypes la and VII, (8) serotypes la and VHI, (9) serotypes lb and n, (10) serotypes lb and 
HI, (1 1) serotypes lb and IV, (12) serotypes lb and V, (13) serotypes lb and VI, (14) serotypes lb and 
VH, (15) serotypes lb and Vm, 16) serotypes II and III, (17) serotypes II and IV, (18) serotypes II 
and V, (19) serotypes II and VI, (20) serotypes II and VII, (21) serotypes II and VII, (22) serotypes 
m and IV, (23) serotypes III and V, (24) serotypes EI and VI, (25) serotypes in and VII, (26) 
25 serotypes in and VHI, (27) serotypes IV and V, (28) serotypes IV and VI, (29) serotypes IV and VII, 
(30) serotypes IV and VIII, (31) serotypes V and VI, (32) serotypes V and VII, (33) serotypes V and 
VIE, (34) serotypes VI and W, (35) serotypes VI and Vm, and (36) serotypes W and VOL 

Still more preferably, the combinations protect against the following groups of serotypes: (1) 
serotypes la and II, (2) serotypes la and V, (3) serotypes lb and H, (4) serotypes lb and V, (5) 
30 serotypes m and II, and (6) serotypes HI and V. Most preferably, the combinations protect against 
serotypes HI and V. 

Protection against serotypes II and V is preferably provided by polypeptide antigens. 
Protection against serotypes la, lb and/or Id may be polypeptide or saccharide antigens. 

Preferably, the immunogenic composition comprises one or more serogroup V antigens or 
35 fragments thereof selected from the antigen group consisting of GBS 80, GBS 91, GBS 104, GBS 
147, GBS 173, GBS 276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, 
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GBS 361, GBS 404, GBS 656, GBS 690, and GBS 691. Preferably, the composition comprises a 
composition of at least two of these GBS antigens or a fragment thereof. 

In one embodiment, the immunogenic composition comprises a GBS saccharide antigen and 
at least two GBS polypeptide antigens or fragments thereof, wherein said GBS saccharide antigen 
5 comprises a saccharide selected from GBS serotype la, lb, and m, and wherein said GBS 

polypeptide antigens comprise a combination of at least two polypeptide or a fragment thereof 
selected from the antigen group consisting of GBS 80, GBS 91, GBS 104, GBS 147, GBS 173, GBS 
276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, GBS 361, GBS 404, 
GBS 656, GBS 690, and GBS 691 . 
10 Preferably, the combination comprises GBS 80 or a fragment thereof. In one embodiment, 

the GBS polypeptide antigens comprise a combination of two GBS antigens or fragments thereof 
selected from the antigen group consisting of (1) GBS 80 and GBS 91, (2) GBS 80 and GBS 104, (3) 
GBS 80 and GBS 147, (4) GBS 80 and GBS 173, (5) GBS 80 and GBS 276, (6) GBS 80 and GBS . 
305, (7) GBS 80 and GBS 313, (8) GBS 80 and GBS 322, (9) GBS 80 and GBS 328, (10) GBS 80 
15 and GBS 330, (11) GBS 80 and GBS 338, (12) GBS 80 and GBS 358, (13) GBS 80 and GBS 361, 
(14) GBS 80 and GBS 404, (14) GBS 80 and GBS 404, (15) GBS 80 and GBS 656, (16) GBS 80 and 
GBS 690, and (17) GBS 80 and GBS 691. 

Still more preferably, the combination is selected from the antigen group consisting of (1) 
GBS 80 and GBS 338; (2) GBS 80 and GBS 361, (3) GBS 80 and GBS 305, (4) GBS 80 and GBS 
20 328, (5) GBS 80 and GBS 690, (6) GBS 80 and GBS 691 and (7) GBS 80 and GBS 147. Even more 
preferably, the combination comprises GBS 80 and GBS 691. 

In one embodiment, the composition comprises a combination at least three GBS polypeptide 
antigens. Preferably, this combination comprises GBS 80 and GBS 691. 

Preferably, the immunogenic composition further comprises a GBS polypeptide or a 
25 fragment thereof of serogroup II. 
The polypeptide antigen 

The polypeptide is preferably: (a) a polypeptide comprising an amino acid sequence selected 
from the group consisting of the even-numbered SEQ IDs 2-10966 from Ref. 3; (b) a polypeptide 
comprising an amino acid sequence having sequence identity to an amino acid sequence from in (a); 
30 or (c) a polypeptide comprising a fragment of an amino acid sequence from (a). 

Within (a), preferred SEQ IDs are those which encode GBS1 to GBS689 (see Table IV of 
reference 3). 

Within (b), the degree of sequence identity may vary depending on the amino acid sequence 
(a) in question, but is preferably greater than 50% (e.g. 60%, 70%, 80%, 90%, 95%, 99% or more). 
35 Polypeptides within (b) include homologs, orthologs, allelic variants and functional mutants of (a). 
Typically, 50% identity or more between two proteins is considered to be an indication of functional 
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equivalence. Identity between proteins is preferably determined by the Smith-Waterman homology 
search algorithm as implemented in the MPSRCH program (Oxford Molecular), using an affine gap 
search with parameters gap open penalty- 12 and gap extension penalty- 1. 

Within (c), the length of the fragment may vary depending on the amino acid sequence (a) in 
5 question, but the fragment is preferably at least 7 consecutive amino acids from the sequences of (a) 
eg. 8, 10, 12, 14, 16, 18, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200 or more. Preferably the 
fragment comprises one or more epitopes from the sequence. Other preferred fragments are the 
N-terminal signal peptides of SEQ IDs 1-10966 from Ref. 3, SEQ IDs 1-10966 from Ref. 3 without 
their N-tenninal signal peptides, and SEQ IDs 1-10966 from Ref. 3 wherein up to 10 amino acid 
10 residues {i.e. 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 residues) are deleted from the N-terminus and/or the 
C-terminus e.g. the N-tenninal amino acid residue may be deleted. 

The polypeptides can, of course, be prepared by various means (e.g. recombinant expression, 
purification from GBS, chemical synthesis etc.) and in various forms (e.g. native, fusions, 
glycosylated, non-glycosylated etc.). They are preferably prepared in substantially pure form (i.e. 
15 substantially free from other streptococcal or host cell proteins) or substantially isolated form. 

Preferred polypeptide antigens are: GBS 80, GBS 91, GBS 104, GBS 147, GBS 173, GBS 
276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, GBS 361, GBS 404, 
GBS 656, GBS 690, and GBS 691, including polypeptides having amino acid sequences with 
sequence identity thereto etc. 
20 The nucleotide and amino acid sequences of GBS80 in Ref. 3 are SEQ ID 8779 and SEQ ID 

8780. These sequences are set forth below as SEQ ID NOS 1 and 2: 
SEQ ID NO. 1 

ATGAAATTATCGAAGAAGTTATTGTTO 

GACTGGAATGAGTATTGTAAGAGCTGCAGAAGTGTCACAAGj^ 
25 ATAGTTATAAATCGGAAATTACTTCTAATGGTGGTATCGAGAA 
AATGTAAAAGGTTTGCAAGGTGTACAGTTTAAACGT 
AGTTGAAGCAGCAGATGCAAAAGTTGGAACGATTCTTGAAGAAG^ 
TCGATGCTCTGGATTCAAAAAGTAATGTGAGATACTTGT^ 

30 TGTAACTGATGAACCAAAAACAGATAAAGATGTTAAAAAATTAGGT 

GGTTCTTGAAATCTACAATCCCTGCCAATTT^ 

AAATCTGTTGGAAAAATCAAGATTGGTTCGAAAACACTG 

AAATAGATTAAAAATTACGTTTAAACCAGAGAAATO 

ATGCTCTTGATAAAGCTACTGCAAATACAGATGATGCGGCATTO 
35 TTAGGAAAAGCAATTGAAAATACTTTTGAAC 

AAGAAAACCAGAAGTTCATACTGGTGGGAAACGATTTGTAAAGA 

ATTTGTTGGCTTCTGATGGGACAGCAGTAAAATGGACAGAT 

GCTGTTACTGGGCAACCAATCAAATTGAAATCACATACA 

TGGAGAGGGTACAGCAGTAACTTACAAATTAAAAGAAACA 
40 GAGTATCACAAACATCTTATAATACAAAAC^ 

AAACGTCCTTCAATCCCTAATACTGGTGGTATTGGT^ 

GGGGATGAAGCGTCGTACAAAAGATAAC 

SEQ ID NO: 2 

45 MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMS IVRAAEVSQERPAKTTVNIYKIjQADSYKSEITSNGGIENKDGEVI SNYAKLGD 
NVKGLQGVQFKRYKVKTDI SVDELKKLTTVEAADAKVGTILEEGVSLPQKlNAQGLVVDT^IiDS KSNVRYLYVEDLKNS PSNITKAY 
AVPFVLELPVANSTGTGFLS EINI YPKllTVVTOEPKT 
KSVGKIKIGSKlliNRDEHYTIDEPTVDNQN^ 



4 



WO 2004/041157 



PCT7US2003/029167 



LGKAIENTFELQYDHTPDKADNPKPSNPPRKPEVHTGGK^ 
AVTGQPIKLKSHTDGTFEIKGIAYAVDANAEGTA^^ 
KRPS I PNTGG I GTAI FVAIGAAVMAFAVKGMKRRTKDN 

5 The nucleotide and amino acid sequences of GBS 91 in Ref. 3 are SEQ ID 8937 and SEQ ID 

8938. These sequences are set forth below as SEQ ID NOS 3 and 4: 
SEQ ID NO. 3 

ATGAAAAAAGGACAAGTAAATGATACTAAG CAATCTTACTCTCTACGTAAATATAAATTTGGTTTAGCAT CAGTAATTTTAGGGTC 
ATTCATAATGGTCACAAGTCCTGTTTTTGCGGATCAAACTAC^ 
1 0 ATAATTCTTCCAATGAGACAAGTGCGTCAAGTGTGATT^ 
CAAAATACGGCAACAAAGGACATTACTACTCCT 
TGTTTATAGCAAAGAAACCGAGGTGAAAAATACACCTTCAAAATCA 

TCA CTAGATC CAT CAGGAGGTT CAGAGACTAAAGCAC CTACTC CTGTAACAAATTCAGGAAGCAATAAT CAAGAGAAAATAGCAAC 
1 5 GCAAGGAAATTATACATTTTCAC1ATAAAGTAGAAGTAAAAAATGAAG 
GAGACAGAATTTTTTACGACCAAAlACrAACTATO 

GTTTTGCTAGGTAAAGCATCTTGAGTAGAAAAAACTGAAGATAAAGAAAAAGTGTC 
TGGTAGACTCACTATTTCTAACGAAACAAOTAC^^ 

TTAAGGTAC CGGTTTGGACTGAACAAGGAGGGCAAGATGATAT TAAATGGTATACAGCTGTAA CTACTGGGGATGG CAAC TACAAA 
20 GTAGCTGTATCATTTGCTGACC^TAAGAATGAGAAGGGTCTTTAT 
AGGTGTAACAGGAACTAAAGTGACAGTAGCTGGAACTAATTCTTCT 

ATAATATTAT CX5GAAGTACTGAAGTAAAAAATGAAGCTAAAATATCAAGT CAGA C CCAATTTACTTTAGAAAAAGGTGACAAAATA 
AATTATGATC2VAGTATTGACAGCAGATGGTTACC 

AAAGCTAACT ACAAGT AGTGAAAAAGCX3AAAGATGAGGOTA C CAACTT AC CTAAAACAGGTACCTATA 

25 (^TTTACTAAAACTGT AGATGTGAAAAGTCAACCTAAAGTATCAAGTC CAGTGGAATTTAATT TT CAAAAGGGTGAAAAAATACAT 
TATGAT CAAGTGTTAGTAGTAGATGG TCAT CAGTGGATTT CATACAAGAGTTATT C CGGTATT CGTCGCT ATATTGAAATT 

SEQ ID NO. 4 

mkkgqvndtkqsyslrkykfgi^vilgspimvtspvfadqttsvqvnnqtgtsvda™ 
30 qntatkdi ttplvetkpmve ktlpeqgnyvysketevkntp s ksapvafyakkgdkvf ydqvfnkdnvkw i s yks fcgvrryaai e 
sldpsggsetkaptpvtnsgs^qekiatqgnytfshkvevkneakvaspto 

vllgkassvektedkbkvs pqpqaritktgrltisnetttgfdili tni kddngiaavkvpvwteqggqddikwytavttgdgnyk 

VAVS PADHKNEKGL YNIHL YYQEASGITiVGVTGTKVTVAGTNS SQE P I ENGLAKTGVYNI IGS TEVKNEAKI S SQTQFTL EKGDKI 
NYDQVIiTADG YQW I S YKS YSGVRRYI PVKKLTTSS E KAKDEATKPTS YPNLP KTGTYTF TKTVDVKS QPKVS S PVE FNFQKGEKIH 
35 YDQVLWDGHQWI SYKSYSGIRRYIEI 

The nucleotide and amino acid sequences of GBS 104 in Ref. 3 are SEQ ID 8777 and SEQ 
ID 8778. These sequences are set forth below as SEQ ID NOS 5 and 6: 
SEQ ID NO. 5 

40 ATGAAAAAGAGACAAAAAATATGGAGAGGGTTATCAGTTACTTTA CTAATCCTGT C CCAAATT C CATTTGGTATAT TGGTACAAGG 

TGAAACCCAAGATACCAATGAAGCACTTGGAAAAGTAATTGTTA 

TTGTGTTAAAAAATGACAATGATAAGTCAGAAACAAGTCACGAAACGGTAGA 

CCTGGAGACTACACATTAAGAGAAGAAACAGCACCAATTGGTTATA^ 

CGGAGCAACAATAATCGAGGGTATGGATGCAGATAAAGCAGAGAAACGAAAAG 
45 TTTATGAGGATAGAAAAGAAAATTACCCATTAGTTAATGTAGAGGGTTCC 

AATGGAAAAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCAAAAAAAATTACAGGGGTC^ 

TAAAATTGAATTAACTGTTGAGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATGTC 

ATT CAAATAGTATGAATAATGAAAGAG C CAATAATT CTCAAAGAGCATTAAAAGCTGGGGAAGCAGTTGAAAAG CTC^ 

ATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGACATATGCCT 
50 AGTTGCCGATCAAAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTATC^TAAAACT 

ACAGTTATTTAAATTTAACAAATGATGCTAACX3AAGTTAATATTCT 

GATCGCACGCTCTATCAATTTGGTGCGACATTTACTCAAAAAGOTCTAATGAA^ 

TGCTAGAAAAAAACTTATTTTTCACGTAACTGATGGTGTCCCTACGATGTCTTATGCCATAAATTTTAATCCT 

CTTACCAAAACCAGTTTAATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCTCCAAGAGGAT 
55 GATTATCAAATAGTAAAAGGAGATGGAGAGAGTTTTAAACTCTTTTCGGATAGAAAAGTTCCTGT 

AGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATGAGTAATGAGGGATATGCAATTAATAG^ 

GAGATTAGAACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCTGC^^ 

ACATTATACTTTAATGGAAATATAAGACCTAAAGGTTATGACATTTTTACTC 

TCCTCTTGAAGCTGAGAAATTTATGCAATCAATATCAAGTAAAACAGAAAATTATACTAAT^ 
60 ATGAGCTAAATAAATACTTTAAAACAATTGTTGAGGAAAAACATC 

ATTGAATTCCAATTAAAAAATGGTCAAAGTTTTACACATGATGATTACGTOT 

TGTGGCTCTTGGTGGACCAAACAGTGATGGGGGAATTTTAAAAGATGTTACAGT^ 
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TCAATCATTTGAACTTAGGAAGTGG^ 

TACAATACAAATAATCGT ACAACGCT AAGT CCGAAGAGTGAAAAAGAACCAAATACTATTCGTGATTTCC 
TGATGTTCGTGAGTTTCCXK3TACTAACCATCAGTAATCAGAAG 
ATTCAGAATCGCTTTTGGGAGCTAAGTTTCAAOT^^ 
GATGTTACAACAAAGAATGATGGTAAAATTTATTTTAAAGCA 
TGGOTATATAGAGGTTAAAACX3AAACCTGTTGTC 
CTAATAAAAATCAAATCGGGTATCTTGAAGGAAATGGTAAACATC^ 
AAAACAGGGGGAATTGGTACAATTGTCTATATATTAGTTGGTTCTACT^ 
ATTG 

SEQ ID NO. 6 

MKKRQKIWRGLSVTIJ^ILSQIPFGILV^ 

PGDYTLREETAPI G YKKTDKTWKVKVADNGATI I EGMDADKAEKRKEVLNAQ YP KS AI YEDTKENYP LVNVEGS KVGEQ YKALNP I 
NGKDGRREIAEGWLSKKITGVNDLDKNKY^ 
1 5 ITSNKDNRVALVTYASTIFTCTEATVSK^ 

DRTLYQPGATFTQKALMKANEI LETQSSNARKKLIFHVTDGVPTMS YAINPNPYI STS YQNQFNSFIiNKI PDRSGILQEDFI INGD 
DYQIVKGIXsESPKLFSDRKVPVTGGTTQAAYRVPQNQLSVMSl^ 

TLYFNGNI RP KGYDI FTVGI GVNGDPGATPLEAEKPMQS I S SKTENYTNVDDTNKI YDELNKYFKTI VEEKHS I VDGNVTDPMGEM 
I EFQLKNGQS FTHDDYVLVGNDGSQLKNGVALGGPWSIX^I LKDVTVTYDKTS QT I KI NHLNLGSGQKVVLTYDVRLKDNYT SNKF 
20 YISTTNITOTTLSPKSEKEPNTIRDFPIPKIRDVRSFPVLTISNQKKM^ 

DVTTKNDGKI YFKAXiQDGNYKL YEI SS PDGYI EVKTKPWTFT IQNGEVTNLKADPNANKNQI GYLEGNGKHL I TNTPKRPPGVFP 
KTGGIGTIVYILVGSTFMILTICSFRRKQL 

The nucleotide and amino acid sequences of GBS 147 in Ref. 3 are SEQ ID 8525 and SEQ 
25 ID 8526. These sequences are set forth below as SEQ ID NOS 7 and 8: 
SEQ ro NO. 7 

GTGGATAAACATC^CTCAAAAAAGGCTATTTTAAAGTTA^ 

CAAGAATTAAAAAACCAAGAGCAATCACCTGTAATTC 

GTAACAGCTGCTTCTGCTAGTAATACAGCGAAAGAAATGGGT^ 
3 0 AAAAACCTTGATACGTCTAATTTGGGGGCTGATCTITC 

AATGCTTCAACTGCAAT AG CACAGAAAGTTCCCTCA.G CATATG AAGAGGTGAAGC CAGAAAG CAAGT CATCG CITGCTGTTCTTGATACATCTAAA 

ATAAGAAAATTACAAGCCATAACCCAAAGAGGAAAGGGAAATCT 

GATAGCCCAAAAGATGATAAGCACAGCTTTAAAACTAAGACAGAATTTGAGGA^ 

GATAAGATTGTTTTTGCAC^TAACrACGCCAACAATACAGAAA 
3 5 AATATTTCGCATGGTACACACGTTGCTGGTATTTTTGTAGGT 

GCTCAAGT CTTATT AATGCX3TATTCCAG AT AAAATTGATT CATATG CTAAAG CAATCACAGACGCTGTTAAT CTAGGA 

GCAAAAACGATTAATATGAGTATTGGAAAAAC^GCTGATTCTTTAAT^ 

GGCGTTGCAGTTGTTGTGGCTGCCXX3AAATGAAGG 

AGTCCAGCTATTTCTGAAGATACTTTGAGTGTTGCTAGCT 
40 GTTAAGTTGCCGATTGTGACTTCTAAACCTTTTGACAA^ 

AAGGACTTTAAAGGTAA^ 

ATCGTTATTTTTAACGATCAAGAAAAACGTGGAAATTTTCT 

ATAAAAAATACTT CAAGTCAGTT AACATTTAACCAGAGTTTTGAAGTAGTT^ CAAGTTGG GG C 

GTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTO 
45 ACAAGTATGGCTTCACCACATGTTGCAGGATTAATGAC^ 

TTG CTAGAATTGTCTAAAAACATCCTGATGAG CTCAG CAACAGCATTATATAGTGAAGAG GATAAGG CGTTTT ATTCACCACGTCAG CAAGGTGCA 

GGTGTAGTTGATGCTGAAAAAGCTATCCAAGCTCAATATTATATTACTGG 

TTTGATATCACAGTTACT^TTCATAAACTTGTA 

TTTGCCCTTAAACCACAAG CCTTG CTAGAT ACTAATTGGCAGAAAGTAATTCTTC GTGATAAAGAAACACAAGTTCGATTTACTATTGATGCTAGT 
5 0 CAATTTAGT<2AGAAATTAAAAGAACAGATGGCAAATGGTTATTTCTTAGAA 
ATGAGTATTCCTTTTGTAGGATTTAATGGTGA 

TATAAACCAAATGATACAACTCATAAAGACCAATTGGAGTACAATGAATCA 
GCGTCTTGGGGCTATGTTGATTATGTCAAAAATGGTGGGGAGTTA 
AAGGTTGAGGATAAAACAATTCATCHTTTGGAAAGAGATGCAGCGAATAATC 
55 AT GACTC CCCAGG CAACTTi' CTTAAGAAATGTT AAGG ATATTTCTG CTCAAGTTCTAGATCAAAATG G AAATGTTATTTGGCAAAGTAAGGTTTTA 
CCATCTTAT CGTAAAAATTT CCATAATAATCCAAAG CAAAGTGATGGTCATTATCGTATGGATGCTCTTCAGTGG AG TGGTTTAGATAAG GATGGC 
AAAGTTGTAGCAGATGGTTTTTATACI^ATCG 

AGTACTAAGTCACCAAATCTTCCTTCACGAG CT CAGTTTGATGAAACTAATCG AACATTAAGCTTAG CCATG C CTAAG GAAAGTAGTTATGTTCCT 
. ACATATCGTTTACAATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGGGGATGA 

60 AAAGTGACACTTCCT AAAACGGTTAAGATAGGAGAGAGTGAGGTTGCGGT AG ACCCTAAGG GAAGAT AAAG CTGGT AAT 

TT CG CAACG GTAAAATTGTCTG ATCTCTTGAAT AAGG CAGTAGTATCAGAGAAAGAAAACG CTATAG T AATTT CTAACAGTTTCAAATATTTTGAT 

AACTTGAAAAAAGAACCTATGTTTATTTCTAAAAAAGAAAAAGTAGTA 

ACTACTCAATCATTGTCTAAAGAAATAACTAAATCAGGAAATGAGAAAGTCCTCACTTCT 

TCACCTAAACATAACGGGGATTCTGTTAACCATACCT^ 
65 TCTAGTTTACTTCTTTATTTGAAACCCAAAAAGACTAAAAATAATAGTAAA 



SEQ ID NO. 8 

VDKHHSKKAILKLTLITTS I IiLMHSNQVNAEEQELKNQEQSPVIANVAQQPSPSVTTNTVEKTSVTA^ 

KNLDTSbnuGADLEEEYPSKPETTlWKESNVVTNASTAIA IDTGFDINHDI FRL 
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DS PKDDKH S FKTKTEFhIBIiKAKHN I TYGKHVNDKI VFAHNYANNTETVAD IAAAMKDGYG SEAKNI SHGTHVAG I FVGNSKRPAJNGltLXtEGAAPN 
AQVLLMRI PD KI D SDKFGBAYAKAI TDAVNLGAKT I NMS I GKTAD S L IALXD KVKLALKLASE KGVAVVVAAGNEGAFGMD Y S KP LSTNPDYGTVN 
S P AI SEDTLSVASYESLKT I SBWETT I EG KL VKL P I VTS KP FDKGKAYD WYANYGAKKDFEGKD PKGKI Al« I E RGGGLDFMTKI THATNAGWG 
I VI FNDQEKRGNFLI PYRELFVGI I S KVDGER I KNTS SQLTFNQS FEWDSQGGNRMIiEQ S SVJGVTAEGA I KPDVTASGPE I YS STYNNQ YQTMS G 
TSMASPHVAGWITMIjQSHLAEKYKGMNIiDSKKI^ LMSSATALYSEEDKAFYSPRCXX3AGWDAEKAJ QAQYY ITGNDGKAKINLKRKGDK 

FDITVTIB3CLVEGVKELYYQANVATEQVNKGK^ 

MS I PFVGFNGDFANLQAIiETPI YKT1.SKGS FYYKPNITITHKDQLEYNESAPFESNNY^ I LGTFEN 

KVEDKTI HLLBRDAANNPYFAI SPNKDGNRDE ITPQATFLRNVKD I SAQVLDQNGNV I WQSKVLPSYRKNFHNKPBOQSDGHYRMDALQHSGLDKDG 
KVVADGFYTYRLRYTPVAEGANSQESDFKVQV 
KVTLPKTVKIGESEVAVDPKALTLWBDKAG^^ 

TTQSI>SKEITKSGNEKVLTSTNNNSSRVAKI I SPKHNGDSVNHTLPSTSDRATOGIiFVGTLA^ 

The nucleotide and amino acid sequences of GBS 173 in Ref. 3 are SEQ ID 8787 and SEQ 
ED 8788. These sequences are set forth below as SEQ ID NOS 9 and 10: 
SEQ ID NO. 9 

ATGAAACGTAAATACTTTATTCTTAATA 

AGTGCTTCAGTAGTTCCTACTACAAATACTATCGTTCAAACT 

GGTCAAGTAAAACCAGATAATTCTGCGGCGCITAC 

CCTGTOGTTGAGAGTACTTCTACTAAGTTAACTG^ 

ACTAGTGAGGAACTCGTTAATATGGCATACGATATTATTGCTAA 

GAAGAGGCTTAGAAAACTTAAAGATACCAATCAGCCGTT^ 

AATAATGGCTTGATCTATGCAGATGGAAAAATTAGC^ 

TCTTCTXSGTGGAAGTGCAGCAGCCATTGCTAGC^ 
ACX5GGCTTGGTAGGTTTAAAACCAACAAGAGGATTGGTGAGTAATGA 
TCTAGAGACGCAGAAACATTATTAACTTATCTAAAGAAAAG 
TTGAAATCACQVATGGGAACAGAAGTTAGTCAAGA 

GAGATAGACTTACCAATTGATGGTAGAGCATTAATG CTATTGG CATGGGAG GAGCTTTTTCAACAATTGAAAAAGAC 

TTAAAAAAACATGGTTTTACTAAAGAAGACG^ 

TCTATTATGGAAGCCCAAAAACATATGGATGATTATCGTAAGGCIAATGGA 

AGTTTAGCCCCTCTAAATACAGATCCATATGTAACAGAGGAAGATAAAAGAG 

CTCITTAATCGCCAGTGGGAGCCTATGTTG 

TTATCTGACTCTGGTTTACCCAT AGGGACG ATGTTAATGG CAGGTGCAAACTATGATATGGTATTAATTAAA1TTG CAACITTCTTTGAAAAACAT 

CATGGTTTTAATGTTAAATGGCAAAGAATAATAGATAAAGAAGTGAAACCATCT 

TCATCATTAGTAAATTTAGAAGAAAATTC^ 

ATGGCATATCAAAAAGCACTTCCTAAAACAGGTGATACAGAAT 

GTAACAAAAAAGAATCAGAAAAGT 



SEQ ID NO. 10 

MKRKYFI LNTVTVT/TIiAAAMNTSS I YANSTETSAS WPTTNT I VQTNDSNPTAKFVSESGQSV I GQVKPDNSAAIjTT VDTPHH I S APDALKTTQS S 
PVVESTSTKLTEE?TYKQKDGQDIiANMVRSGQVTS EEL VNMAYD I IAKENPSLNAVITTRRQEAI EEARKLKDTNQPFLGVPLLVKGLGHS I KGGET 
NNGLI YADGKI STPDSS YVKKYKDLGF I IbGQTNFPEYGWRNITDSKLYGLTHNPWDLAHNAGGSSGGSAAAIASGMTPIASGSDAGGS I RI PSSW 
TGLVGLKPTRGLVSNEKPDSYSTAVHFPLTKSSRDAETLLTYIiKKSDQO^VSVNDL 

E I DLP I DGRALMRDYSTLAI GMGGAFST I EKDLKKHG FTKEDVDP I TWAVHVI YQNSDKAELKKS I MEAQKHMDD YRKAME KLHKQFP I FLS PTTA 
SI^LNTDPYVTEEDKRAI YNMENLSQEERIALFITOQWEPMLRRTPFl^ KFATFFEKH 
HGFNVKWQRIIDKEVKPSTGLIQPTNSLFKAHSSLVNLEENSQVTQVSISKKWMK^ 
VTKKNQKS 

The nucleotide and amino acid sequences of GBS 276 in Ref. 3 are SEQ ID 8941 and SEQ 
ID 8942. These sequences are set forth below as SEQ ID NOS 1 1 and 12: 
SEQ ID NO. 11 

TTGCGTAAAAAACAAAAACTACCATTTGATAAACTTC 

ACTGTGACAGAAGAC&CTCCTGCTACCG^ 

ACCTCACAAACTCCTAGTGATGTAGGAGAAACAGTA 

ACCTCAAAAGCGACTATTAGGGATTTGAACGACCCTTCT 

ATTGATGCTGGTTTTGATAAAAATCATGAAGCGTC 

AAAGAGCACGGT ATTAC CTATGG CGAGTGGGT CAATGATAAGGTTG CTTATTACCACGACTATAGTAAAGATGGTAAAAACX3CTGTTG AT CAAGAA 
CACGG CAGR.CACGTGTCAGGGATCTTGTCAGG AAATG CTCCATCTGAAATGAAAGAAC CTTAC CX3 CCTAGAAGGTGCGATGCCTG AGGCTCAATTG 
CTTTTGATCCGTGTCGAAATTGTAAATGGACT 

ATTAATATGAG CTTTGGTAATG CTGCACTAGCTTACX^ C 

ATTGTGACCTCIAGCTGGTAATGATAGTAGCTTTGGGGGCAAGC 

GCX3GCAGATTCAACATTGACAGTTGCT^ 

ATG CCTGTTATTTCAACAAACCGTTTTGAG CCAAACAAGG CTTACIGACTATGCTTATGCTAAT 
GAAGGTAAGATTGCCCTTATTGAACGTGGCGATATTGATTTCAA^ 

G^CTUVTCAAGACAAGGGCTTCCCGATTGAATTG CCAAATGTTGACCAGATGCCTGCGG CCTTTATCAGTCGAAGAGACGGTCTCTTATTAAAAGAC 

AATCCCCCAAAAACCATTACCTTCAATGCGACACCrAAGGTATTGCCAACAGC 

GCTGACX3GCAATATTAAACCGGATATTGCAG 

ATGTCTGCACCATTGGTAGCGGGTATCATGGGACTGTTC 

GCTAAGAAAGTATTGATGAGCTCAGCAACTGCCCTATATGATGAAGATGA 
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GCTAAAAAAGCTTCAGCAGCAACGATGTATG 

ACAGTAACAGTItlACAACAAATCTGATAAA^ 

GCTCCTAAAGCATTGTATGAGACATCATGGCAA 

AGCAAGGACTTGCTTGCCCAAATGAAAAATGGCTATTTCT^ 
5 CCATATATTGGTTTCCXSAGGTGATrTTG 

AATAGTGATGCCAAAGACCAATTAGATGGTGATGGA 

ACGATTATTAAAGCTGTCAAAGAAGGGGTTGAAAACA^ 

CAAGACXLATGATAGCCACTACTATATC^^ 

CAATTCCAAGGTACi"riHJl"l<5CGTAA 
1 0 CAAG1TGTTAAAAACTACAACAATGACTTGGCAAGCA 

GTTGTTGCTAACGGAACCTACACXTATOGTGTTOT 

AATACGACACCTGAAGTCGCAACATGGGCAACAT^ 

CGTGAGCGTATTGCTTACACTTATATGGATGAGGATC^ 

GCTGAAACAATG GAAGGCGCTA.CTK3TTCCATTGAAAATCT 
1 5 ACTAAGCTATTGGAGGG CCACT CTAATAAG CCAGAACAAGACGGTTCAGATCAAG CACCAGACAAGA 

TCAGGTCAAACACCAGATAAAAAAAAAGAAACT^ 

CGTACTCTAGAGAAACXSATCTTCIAAGCXSTGCTTT 

TTACATCTCCTTAAGTTAGTTATGACX^CTTTCTTC^ 

20 SEQ ID NO. 12 

MRKKQKLPFDKLAIAIjISTSILLNAQSDIKANTVTEiyrP 
APAKXADTPATSKATIRDLNDPSHVKTLQEKAG 

DKVAYYHDY S KDGKNAVDQEHGTHVS G I L S (SNAP S EMKE P YRLEGAM PEAQLLLMRVE I VNGLAD Y ARNYAQA I RDAVNL GAKVIN 

MSFGNAALAYANLPDETKKAFDYAKSKGVS IVTSAG^TOSS FGXjKPRIjPLADHPDYGVVGTPAAADSTLTVAS YS PDKQLTETATVK 
25 TODHQDKEMPVI STNRFEPNKAYDYAYANRGTKEOT 

DQMPAAF I SRRDGLLLKDNP PKTI TFNATPKVLPTAS GTKLSRFS S W6LTADGNI KPD IAAPGQD I LS SVANNKYAKLSGTSMS AP 

LVAGIMGLI^KQYETQYPDMTPSERLDLAKKVLMSSATALYD^ 

SDKFEVTVTVHNKSDKPQELYYQVTVQTDKVTC^ 

FVRFKQDPTKEELMSIPYIGFRGDFG1TLSALEKPIYDSKDG 
30 KEGVEN I ED I ES S E I TET I F AGT FAKQDDD S HYY I HRHANGKP YAAI S PNGDGNRD YVQF QGT FLRNAKNLVAEVLDKEGNVVWT S 

EVTEQWKNYNNDLASTIjGS TRFEKTRWDGKDKDGKWANGTYT YRVRYTP I S SGAKEQHTDFDVI VDNTTPEVAT SATFS TEDSR 

LTLASKPKTSQPVYRERIAYTYMDEDLPTTEYI SPNEIXSTFTLPEEAET^GATVPIiKMSDFTYVVEDMAGNI TYTPVTKLLEGHS 

NKPEQDGSDQAPDKKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGCT 

NRLHTiLKLVMTTFFLG 

35 

The nucleotide and amino acid sequences of GBS 305 in Ref. 3 are SEQ ID 207 and SEQ ID 
208. These sequences are set forth below as SEQ ID NOS 13 and 14: 
SEQ ID NO* 13 

ATGGGACGAGTAATGAAAACAATAACAACATTTGAAAATAAA 
40 ACGTTTGTTAGCTAAGTTAGGAGCAATAGTGACAGTT^ 

AAGAGGGTATTAAAGTGGTTTGTGGTAGTCATCCTTTAGAAT^ 

CCTTATAACAATCCTATGGTCAAAAAAGC^TTAGAAAA^ 

ATCTCAGCTAATAGGTATTACAG<SCTCrAAC 

GAGGTTTGTTAGCTGGGAATATCGGCTTTCCTGCTAGTGAAGTTGTTCAGGOTGCGAATGATAAA 
45 TCAAGTTTTCAG CTAATGG GAGTTAAGGAATTT CGT CCTCATATTGCAGTAAT TACTAATTTAATGCCAACT CATTTAGATTATCA 
TGGGTCTTTTGAAGATTATGTTGCTGCAAAATGGAAT^ 

AAGGTATTTCTAAAGAGTTAGCTAAAACTACTAAAGCAACAATCGTTCCTTTCTCTACTACG^ 
CAAGACAAGCAACTTTTCTATAAAGGGGAGAATATTATGT 

TCT AG CAACTATTG CGGT TGCTAAACTGG C TGGTAT CAGTAATCAAGTTATTAGAGAAAC T TTAAGCAATTTTGGAGGTGTTAAA C 
50 ACCGCTTGCAATCACTCGXSTAAGGTTCATGGTATT^ 
TTATCTGGCTTTGATAATACTAAAGTTATCCTAATTC 
CACTGGACTTAAACATATGGTTGTTTTAG<3GGAATC 

ATG CT T TAGATGTTAGAGATGCGGTACATAAAGCTTATGAGGTGGCACAACAG GG CGATGTTAT CTTGCTAAGTCCTGCAAATGCA 
TCATGGGACATGTATAAGAATTTCGAAGTCCGTGGTGATGAATTCATTGATACTTTCGAAAGTCTTAGAGGAGAG 

55 

SEQ ID NO. 14 

MGRVMKTITTFENKKVLVLGIiARSGEAAARLLAKLGAIVTVNDGKPro 

P YNNPMVKKAL EKQI P VLTEVELAYL VS ES QL I GI TGSNGKTTTTTM I AEVLNAGGQRGLLAGNT GFP AS EWQAANDKDTLVMEL 
SSFQLMGVKEFRPHIAVITOTjMPTHLDYHGSFEDYVAAKWm 
60 QDKQLFYKGENIMSVDDIGVPGSHKPVENAIiATI^^ 

L S G FDNTKVI LI AGGLDRGNEFD EL I PD I TGLKHMWLGE S AS RVKRAAQ KAGVTYSDALDVRDAVHKA YEVAQ QGDVI L L S P ANA 
SWDMYKNFEVRGDEFIDTFESLRGE 

The nucleotide and amino acid sequences of GBS 313 are in Ref. 3 are SEQ ID 4089 and 
65 SEQ ID 4090. These sequences are set forth as SEQ ID NOS 15 and 16 below: * 
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SEQIDNO. 15 

ATGAAACGTATTGCTGTTTTAACTAGTC 

GAAGTTTAOGGCATCAACCAAGGTTACTATGX3T^ 

GGAAOHTTTTACGTTCkGCACGTTATC^ 

GTAGTAGTTATCGGTGGTGATGG^UVU M i'ATCATGGTGCT 

GATATCGTTGGCACTGACTATACTATTGGTTTTGACAC^ 

AACCXrTACITTTGTTGTlHSAGGTTATGGGA^ 

GAAGAAGAGTTCAATATTGATGAAGTTGTCTCAAATGTTA^ 

ATGAGTGGTGATGAGTTTGCAAAAACAATGAAAGCAGC^ 

CCX^aSGCTOCxTGATOGrarCTTAGCATC^^ 

AACGAAGAAATGGTTGAAAGTCCAATTTTAGGTTTAGCAGAAGAA^ 
CATAAAGCGGACCTTOGCTTGGCAGCACTTAATCX3TGA 

SEQIDNO. 16 

MKRIAVLTSGGDAPGMNAAI RAWRKAI SEGMEVYGINCGYYGMVTGD I FPLDANSVGDT INRGGTFLRS ARYPE FAE LiEGQLKG I EQLKKHG I EG 
VW I GGDG SYHGAMRLTEHG FPAVGLPGT I DND I VGTD YT I GFTTTAVATAVENIJDRIjRDTSASHNRTFVVEVMGRNAGDIALWSG IAAGADQI I VP 
EEEFNI DEWSNVRAGYAAGKHHQI I VliAEGVM SGDS FAICTMKAAGDD SDLRVTNLGHLIiRGG S PTARDRVLASRMGAYAVQLJjKEGRGGIiAVGVH 
NEEMVES P I LGLAEBGAXiFSLTDEGKI VVKBTOHKADLRIiAALNRDLANQS S K 

The nucleotide and amino acid sequences of GBS 322 in Ref. 3 are SEQ ID 8539 and SEQ 
ID 8540. These sequences are set forth below as SEQ ID NOS 17 and 18: 
SEQ ID NO. 17 

ATGAATAAAAAGGTACTATTGACATCGACAATGGCAGCT 

CGTACTOTTTCAGAGGTAAAGGCTGATTTGGTAAAGCA 

GCAATGTCAATTGATATGAATCTCTTAGCAAAAATA 

CAGAAGAGTCATACTGCCACTTCAATGAAAATAGAAAC^ 

GTTTCTGTTGCAGACCAAAAAGTTTCrCTCAA 

TCTTCTGCGCCAGCTTTGAAATCAAAAGAAGTATO 

AAGTCGATTACITCRGAAGTTCCAGC^GCrAAAGAQ 

GCCGCTGAAACAC CAGCTCCAGTAG CTAAAGT AGCACCGGTAAGAACTGTAGCAG CC C CTAGAGTGG CAAGTGTTAAAGTAGTCACTCCTAAAGTA 
GAAACTGGTGCATCACCAGAGCATGTATCAGCTCCAGCAGTTCCTGTGAC^ 

AAGAG CGTTCCG GTAGCACAAAAAG CTCCAACAGCAACACCGGTAGCACAACCAG CTT CTU^CAACAAATGCAGTAGCTGCACATC CTGAAAATGCA 

GGGCTCCAACCTCATGTTGCAGCITATAAAGAAAA^ 

CATGGTAAAGGTTTAGCAGTTGACTTTAT^ 

AACATTTCATATGTTATCTGGCAACAAAAGT^ 

GGCGTTACTGCCAACCACTATGACCACGTTCACGTAT CATTTAACAAATAATATAAAAAAGGAAG CrATTTGGCTTCTTTTTTAT ATG CCTTGAAT 
AGACTTTCAAGGTTCTTATATAATTTTTATTA 

SEQ ID NO. 18 

MNKKVLLTSTMAASLLSVASVC^QETD^ 

QKSHTATSMKI ETPATNAAGG^TATVDLKTNQVSVADQKVSLNTI SEGMTPEAATTI VSPMKTYSSAPALKSKEVLAQEQAVSQAAANEQVS PAPV 
KS I TS EVP AAKEEVKPTO/TS VS QSTTVS PAS VAAETPAP VAKVA P VRTVAAPR VASVKVVTPKVETG AS PEHVS APAVPVTTT S PATD S KLQATEV 
KS VPVAQKAPTATPVAQPASTTNAVAAHPENAGLQPHVAAYKEKVASTYGVNE FSTYRAGDPGDHGKGLAVDF I VGTNQALGNKVAQYSTQNMAAN 
NI SYVIWQQKFYSNTNS I YGPANTWNAMPDRGGVTANHYDHVHVS FNK 

The nucleotide and amino acid sequences of GBS 328 in Ref. 3 are SEQ ID 6015 and SEQ 
ID 6016. These sequences are set forth below as SEQ ID NOS 19 and 20: 
SEQ ED NO. 19 

ATGAAAAAGAAAATTATTTTGAAAAGTAGTGTTCT 

CAAGTTATAGGCGTCAATGACITTCATGGT 

C3VATTAGATGCTTATATGGATGACGCTCAA 

G CAAGTC CAG CCAACTCTGGGCITCTTCAAGATGAACC CAATGAATGTTGAGTATGG CACATTGG GTAACCATGAA 

TTTGATG AAG GGTTG GCAGAATATAATCGT AT CGTTACTGGTAAAG CCCCTG CTCCAGATTCT AATATTAATAATATTACGAAAT CATACCCACAT 

GAAGCTGCAAAACAAGAAATTGTAGTGGCAAATGTTATTGAT 

CCTOTAAATAACAAAAGTGTGAACXSTTGGCTTTATCG^ 

TTTTTAGATGAAGCTGAAACAATCGTTAAATACGCCAAAGAATTACAA 

AGTAAAAATGATATTGCTGAAGGTGAAGCAGCAGAAATGATGAAAAAAGTCAAT 

CA CAATCATCAATATACAAATGGTCTTGTTGGT AAAAC^ CGCTCT CTCAAGGAAAAG CCTATG CTGATGT ACGTG GTGTCTTA 

GATACTGATACACAAGATTTCATTGAGACCCCTrc 

AATGTTAGTC CGGTAGG CAG CCTCATCACAGAGG CTCAACTAG CAATTGCTCG AAAAAGCTGG CCAGATATGGATTTTG CCATGACAAATAATGGT 

GG CATTCGTGCTGACTTACTC^TCAAACCAGATGGAACAATCACCTG 

GAAATTACTGGTAGAGATCTTTATAAAGCACTCAACGAACA 

ACAGATAATAAAGAGGGCGGGGAAGAAACACCATTTAAAGTT^ 

TTAGTTATCAATGACTTTTTATTCGGTC 

TTTATGGCCTATATCACTGATTTAGAAAAAGCT 

GAAACTATTACACAAAATGATGGTACACATAGC^ 
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ACTTTAAACC^AACMAATCAAAATCTAC 
AGAAATIATGGCAAACCATCAAACTCX^CrACTCT 

TTTGGTGTTGGACTTATAGGAATTG CTTTAAAT ACAAAGAAAAAA.CATATGAAA 

5 SEQ ID NO. 20 

MKKKI I LKSS VLGLVAGTS I MFS SVFADQVGVQVI GVNDFHGALDNTGTANM PDG KVANAGTAAQLDAYMDDAQKDFKQTNPNGES I RVQAGDMVG 
AS PANSGLLQDEPTVKNFNAMNVBYGTIjGNHE FDEGIiAEYNRI VTGKAPAPDSNI NN I TKSYPHEAAKQB I WANVI DKVNKQ I PYNWKPYAI KNI 
PWNKSVNVGFIGIVTKDI PNliVLRKNYEQYEFliDEAET I VKYAKELQAKNVKAI WLAHVPATS KND IABGEAAEMMKKVNQLFPENSVD I VFAG 
HNHQYTNGLVGKTRI VQALSQGKAYAD WGVLDTDTQDFI ET P SAKV I AVAPG KKTGSADI QAI VDQANT I VKQVTEAKT GTAEVSVMITRSVDQD 
1 0 NVS PVGS L I TEAQLA IARKS WPD I D FAMTNNGG I RADLlL I KPDGT I TWGAAQA VQ P FGN I LQWE I TG RDL YKALNE QYDQKQNF FLQ I AGLRYTY 
TDNKEGGEETPFKVVKAYKSNGEEINPDAKYKIV^ 

BT I TQNDGTHS 1 1 KKLYIJ3RQGN I VAQE I VSOTI^OTKSKSTKINPVTTI HKK^ 
FGVGIilGIALNTKKKHMK 

15 The nucleotide and amino acid sequences of GBS 330 in Ref. 3 are SEQ ID 8791 and SEQ 

ID 8792. These sequences are set forth below as SEQ ID NOS 21 and 22: 
SEQ ID NO. 21 

ATGAATAAACX3CGTAAAAATCGTTGCMCACTTGGTC 
CTTGACXnTVGAAGCTTCAGCAGAAAAAATTG 
20 CAAGGAGCTCXTTATGGCTACTGTTCGTA 
GAACTTTTTGAAGATGGTGCAGATTTC 
ATTGCATTGAATGTTGCTGGTGGACTTGACA 
TTTGCAAAAGATAAAGACACTCGTGAATTTGAAGT^^ 

ATTCCTTTCC CAGCACTTGCAGAACG CGATAATGCTGATATC CGTTTTGGACTTGA^ CATTTGTACGTACT 
25 GCrAAAGATGTTAATGAAGTTCGTGCTATTTGTGAAGAAACTC 

AATATTGATGAGATTATCXSAAGCAGCAGATGGTAT^ 

AAAATGATCATTACTAAAGTTAATGCAGCTGCT 

TCA.GAAGTATCTGATGTCTTCAATGCTGTTATTGATGGTACTGAT^ 

GTTCX3TACAATGGCTACTATTGATAAAAATGCTCA 
3 0 GATGTTATTGCATCTGCX3GTTAAAGATC 

TCTAAATTCCGTCCAGATGCAGACATTTTGGCTGTTAC^ 

GCAGACAAACCAGCATCTAGAGATGATATGTTTGAGGTTG 

GTTGCAGGTGTTCCTGTAGGTACAGGTGGAACTAACACAATGC 

35 SEQ ID NO. 22 

MNKRVKI VATLG PAVEFRGG FCKFGE SG YWGESLDVEAS AEKI AQLI KEGA1WFRFNFSHGDHAEQGARMATVRKAEE I AG QKVG FXiLDT KG PE I RT 
EliFEDGAD FHSYTTGTKLRVATKQG I KSTPEV I ALNVAGGLD I FDDVEVG KQ I L VDE>G KLGLTVFAKDKDTRE FE VWENDGL I G KQKGVN I PYTK 
I P F PALAE RDNAD I RFGLEQGLN F I AI S FVRTAKD VNE VRA I CEETGXGHVKLFAKI ENQQG IDNIDEI I EAADG I M I ARGDMG I EVP FEMVPVYQ 
KM I ITKVNAAGKAV I TATNMLETMTDKPRATRS EVSDVFNAV I DGTDATMltSGESANGKYPVES VRTMAT I DKNAQTLLNEYGRLDS S AF PRNNKT 
40 DVI ASAVKDATHSMD I KLWT I TETGNTARAI S KFRPDAD I LAVT FD E KVQR S LM I NWGV I PVLADKPASTDDMFEVAERVALEAG FVESGDN I VI 
VAGVPVGTGGTNTMRVRTVK 

The nucleotide and amino acid sequences of GBS 338 in Ref. 3 are SEQ ID 8637 and SEQ 
ID 8638. These sequences are set forth below as SEQ ID NOS 23 and 24: 
45 SEQ ID NO. 23 

TTGTCT GC TATAATAGACAAAAAGGTGX5TGATATTTATGTATTTAG CAT T AATCGGTGATAT CATTAATTCAAAACAGAT ACT TGA 

ACGTGAAACTTTCCAACAGTCTTTTCAGCAAC^ 

TTACAGCTGGTGATtSAATTTCAAGCTTT 

• CCTGTTAATGTAAGGTTCGGCCTCG<3TACAGGAAACATTATAACA^ 
50 CTACTGGCATGCTCGCTCAGCTATTAATCATATACATG&^ 

AAGACCAAAACCTTGAATTAACACTAAATAGTCTCATTTCAGCTGGTGATTTTA 
ATGCTTGAGCACTTAATACTTCAAGATAATT'ATCAAGAACAATTTCAACA 
TGCGCTGACTAAACGCCTTAAAGCAAGCGGTCTGAAGATTTACTTAA 
GCACTCAAACTAAAGGGGGAAGCTATGATTTC 



55 



60 



SEQ ID NO. 24 

MSAI IDKKWI FMYIALIGD 1 1 NSKQI IjERETFQQSFQQLMTELSDVYGEEL I S PFTI TAGDEFQALLKPSKKVFQIIDHIQLALKPVNVRFGLGTG 
NI ITS INSNESIGAIX3PAYWHARSAINHIKX)KNDYGTVQVAICLDDEDQNLELTLNSL I SAGDFI KSKWTTNHFQNILEHIjIIjQDNYQEQFQHQKLAQ 
LENIEPSALTKRLKASGLKIYLRTRTQAADLLVKSCTQTKGGSYDF 

The nucleotide and amino acid sequences of GBS 358 in Ref. 3 are SEQ ID 3183 and SEQ 
ID 3184. These sequences are set forth below as SEQ ID NOS 25 and 26: 
SEQ ID NO. 25 
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ATGTTTTATACAATTGAAGAGCTGCTAGA 

GGTAGAAjGTCGTGAAGAAATTCGTTATATTATGTCCCGA 

AGTQGTTTAAC!AGGCGGTGATGCTC?rcAAGA 

GCTATGGCTCTTAATGAGTTAAATGCTAAGATGGGACTGGT^^ 

GCCATTCAAAAGCTTAATTTAACAGAAGAAGAGCAACT^ 

TCAGGTG CAGAAGGAGGTTGCCAAGCTGAAGTTGGGTCAGCT 

GCTAGCCAACXrTATAGCATTTGTTATT 

GCTCTTGGATCAAGTTTTGCACTIXTITGCTCK^ 

CAAGTTGGATCAAGTTrACOGAClXjCU'lUU X XjTGAGA 

GGGGAA 

SEQ ID NO. 26 

MPYT I EELVEQAN SQHKGNI ABLM I QTE I EMTG RS REE I R Y I M SRNLEVM KASV I DGLTP S KS I SGLTGGDA VKMDQ YLQSG KT I SDTT I LAAVRN 
AMAVNELNAKMGLVCATPTAGSAGCLPAVI ST A I E KLNLTEEEQLDFLFTAGAPGLVI GNNAS I SGAEGGCQAEVGSASAMAAAALVMAAGGTPFQ 
ASQAIAFVI KNMIXSLICDPVAGXiVEVPCVKRNAIiGSSFALYAM PVDEVIDAMYQVGSSLPTAFRETABGGIAATPTGRRYSKEI F 

GE 

The nucleotide and amino acid sequences of GBS 361 in Ref. 3 are SEQ ID 8769 and SEQ 
ID 8770. These sequences are set forth below as SEQ ID NOS 27 and 28: 
SEQ ID NO. 27 

ATGAGCGTATATGTTAGTGGAATAGGAATTATTTCTTCTTTGGGAAA 
CTAAACATTTATATAAAAATCAa^CTCTAT^ 
ACGTAATTTTAAATT1X3CTTTTACXX3CTTTTGA 
ACCTCACITGGGGGAAAGAGTGCTGGTCAAAATGCC^ 

TTT ACCATATTGCTGATGAATTGATGGCTT ATCATGATATTC CTG CAAGTAATAATG CCGTAAT 

ATT AGGAACACAATTACITCAAGATGGCGATTGTGATTTA^ CTGTGATGAGTTAAGTGATATTTCTTTAGCAGG CTTCACATCA 

CTAGGAGCTATTAATACAGAAATGGCATGTCAGCCCTATTCT^ 
ATCAGTCCTTAGCTAAATATGGAAAAATTATC<3GTGGTCTTAT^ 

ACAGATTGCAAAG CAG CTAGTGACTCAAGCAGGTATT^ ACTACAGTGAGAITGACT CACGGTACAGGTACTCAAGCTAATGATAAA 

ATGGAAAAAAAT ATGTATGGTAAGTTTTTCCCGACAACGACATTC CAAACGGGTCAT ACTCTAGGGG CTG CAGGTATTA 

TCGAATTGATTAATTGTTTAGCGGCAA 

TCATCAAAAGAGAGAATACCCAATAAGAAATGCTTT^ 

CCTCTAGAAACATTACCTGCTAGAGAAAATCTTAAAA 

AAAAAGTTGCTAGTAATTTCAACGACTTTGAAGC^TTACG 

TGATTTTTCCAAAATGGTTGCCGTAACAACAGCTCA 

TTTACAACACTTTCrGGACCAGTTGAGGTTGTTGAAGG 

TTACAGTAATGAATGCAGCAGCTGGTATGCTTTCTATCATT^ 

TATACAATATGCCAAGGAAATGATGCCTAACGATAATCTAGACTATG 

CAACAATTAAACTATGATAGTCAAATGTTTGTCGGTT 

TAGGTAGTAAACAATTAAAATATAGCCATAAAACATTCACAGATC 

AACCATAAAAGATATCAAAGGTTTCGTTTGG 

ATG CCAAACCTTG CTTTCTGGTGAGTTTGGATTTTCA CTATT 
ATTTAGTCCTATCTTATTCGATCTTCGGTGGTATCTCTT^ 



SEQ ID NO. 28 

MSVYVSGIGI I SSIX3KNYSEHKQHLFDLKEGI SKHLYKNHDSILESYTGS ITSDPEVPEQYKDETRNFKFAFTAFEEAIASSGVNLKAYHNIAVCLG 
TS AGQNAIj YQFEEGERQ VDASLLE KASVYH I ADELMAYHD I VGAS YV I STACSASNNAVI LGTQL.LQDGDCDL1AI CGGCDELSDI SLAGFTS 
LGAINTEMACQPYSSGKG INLGEGAGFWIiVKDQSIAKYGKI IGGLITSDGYH I TAPKPTGEGAAQI AKQL.VTQAGIDYSEI DYI NGHGTGTCANDK 
MEKNMYG KFF P TTT L I SSTKGQTGHTIiGAAG 1 1 BL I NCLAAI EEQTVPATKNE I G I EGFPENFVYHQKRBYP I RNALNFS FAFGGNNSGVIjLS SUDS 
PI^TLPARENLKMAILSSVASISKNESLSITYEKVASNFNDFE 

FTTLSGPVEWEG lEKQITTEGYAHVSASRFPFTVMNAAAGMLS 1 1 FKITGPLSVI STNSGALDG IQYAKEMMRNDNLDYVI LVSANQWTDMSFMWW 
QQLNYDSQMFVGSDYCSAQVLSRQAIiDNSPI ILGSKQLKYSHKTFTDVMTI FDAALQNIiLSDLGLTI KDIKGFVWNERKKAVSSDYDFLANLSEYYN 
MPNIASGQFGFSSNGAGEEL.DYTVNESIEKGYYLV1jSYSI FGGI SFAI IEKR 

The nucleotide and amino acid sequences of GBS 404 in Ref. 3 are SEQ ID 8799 and SEQ 
ID 8800. These sequences are set forth below as SEQ ID NOS 29 and 30: 
SEQ ID NO. 29 

ATGAAAATAGATGACCTAAGAAAAAGCGACAATGTTGAAGATTOTC^ 
CTTCAACTTTTATTGCTGCGAGGGAGTTGGAA 

GTCCTTGGCTCAACTGAGGATTTCTGGTCACA^ 
ATTCAAACAGGTTGTGGTATAGGTGAATCTGCTT 
TTATCACATAAATATGGTGCTACTGGTGATTTTGCT 
GATAAGTATAATAGAATGCGACACGGAC^TACTAAGAAAGAA 

TG GGCTCACTACATCAGGGGAAAAAAT CTCITAGAACAAGGAGACTTTGAAGAGG CCATGAATG CTGCCCACG CCGTCGGAGACGATACC CTT CAG 
AAAGAAAC CTACG GAAAATTACTGCCTGATAGCTTTAC 
- ATCCAACACGGTGATACTTTCrCCGTAGAACATCTA 
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SEQ ED NO. 30 

MKI DDLRKSDNVEDRRS S SGGS FS SGGSGLP I LQLLLLRG SWKTKLWL 1 1 UJjIjGGGGL»TS I FNDS S S P SS YQSQNVSRSVDNSATREQ I D FVNK 
VliGSTEDFWSQE F<?IXX3FGNYKEPKLVLyTNS I QTGCG I GESASGPFYCS ADKKI YLD I S FY1TELSHKYGATGDFAMAYV1AHEVGHH I QTBLG I M 
DKYNRMRHGLTKKBANAIiNVRI^U^YYAGWAH^ RGKNIrLEQGD FBEAMNAAHAVGDDTLQ KETYGKLtVPDS FTHGTAEQRQRWFNKG FQ YGD 
5 I QHGDTFS VSHL 

The nucleotide and amino acid sequences of GBS 656 in Ref. 3 are SEQ ID 9323 and SEQ 
ID 9324. These sequences are set forth below as SEQ ID NOS 31 and 32: 
SEQ ID NO. 31 

1 0 ATGAAAAGATTACATAAACTCTTTATAACCGTA 

ACGCCGATAGTACATGCTGATGTCAATTCATCTGTTGA 

TATGTTAATGGTATTTATGAATTAAATAAT 

CAAAGACTATCAACTGCTAATGCAATGCTTGATAGAACCA 

TTAGGTTGGCATCAA.GTAGCTACTAATGACCATTATGGAC^ 
15 TGGGATGCTTCCGTGTCAAATCCTCAAAATGT^ 

GAAAGCTTAGTTCGTAAGGCGGTTGACCAAAACAAACGT^ 

ATGCACCTAGAAGCTAAATCACAAGATGGCACATTAGAAT^ 

GAAATAACACTAAAT 

20 SEQ ID NO. 32 

MKRLHKLF ITVI ATLGMLGVMT FGL PTQPQNVTPI VHADVNS SVDTSQBFQNNliKNAI GNLPFQYVNG I YEIJJNNO/ITJIjNADVNVKAYVQNT I DNQ 
QRLSTANAMLDRT I RQYQNRRDTTLPDANWKPIX3WHQVATNDHYGHATO 

ESLVRKAVDQNKRVRYRVTPLYRNDTDLVPFAMHLBAKSQDGTliEFNVA^ PNTQASYTMDYATGE ITLN 

25 The nucleotide and amino acid sequences of GBS 690 in Ref. 3 are SEQ ID 9965 and SEQ 

ID. 9966. These sequences are set forth as SEQ ID NOS 33 and 34 below: 
SEQ ID NO. 33 

ATGAGTAAACGACAAAATTTAGGAATTAGTAA 

GTACAATCTCAACCTAATAAGAGTGCAGTAAAAACTAACTACAAAis 
3 0 AAAGCTAAGGCTAATCAAGAACAGTATGTGTATTTTC 
' GGTCAGCAGTTAGTTCAATATGATACAACAACTGCA 

CTAAAGACAACAGGAAGTCTTCCAGCTATGGAAT^ 

AATCGTCTACAGCAAAATTATCAAAGTCAAGCTAATGCTTCAT^ 

GTAAATAAAGCACAAAAAGCATTGAATGATACn^GTTATTACAA 
35 AAAACTAGTCAAGTACTTGTCCATGTAGC^CTGAAGGTAAACTCCAAOT 

CAGGCTCTTAAAATAAAATCTAAGGTCTATCCIX3ACAAGGAATGG 

AATGACT CTAAT AACGGCTCTAGTG CTGTAAATTATAAATATAAAGTAGATATTACTAGCCCTCTCGATG CATTAAAACAAGG'l"i"l"i ACCGTATCA 
GTTGAAGTAGTTAATGGAGATAAGCACCTTATTGTCCCT^ 
AATCXjTAAAATTTCCAAAGTTGAAGTCAAAATTGOT 
40 ACTAATCCAAGTAAAACCTTCAAGGATGGGCAAAAAATTGATAATATT 

SEQ ID NO. 34 

MS KRQNLG I SKKGAI I SGLSVAL IWI GK3FLWVQSQPNKSAVKTNYKVFNVREGS VSSOT TAG 
QQL VQ YDTTTAQ AAYDTANRQLNKVARQ I NNLKTTGSLPAME SSDQSSSSSQG QGTQSTSGATNRLQQNYQ S QANAS YNQQLQDLNDAYADAQAEVN 
45 KAQKALiNDTVITSDVSGTVVEVNSD I DPASKTS QVLVHVATEGKLQVQGTMSEYDLANVKKDQAVKI KSKVYPDKEWEGKI S Y I SNYPEAEANNNDS 
NNGSSAVimCYKVDITSPLDALKG^FTVSVEVVNGDKHIilVP^ 
KT FKDGQKI DN I ES I DLNSNKKS EVK 

The nucleotide and amino acid sequences of GBS 691 in Ref. 3 are SEQ ID 3691 and SEQ 
50 ID 3692. These sequences are set forth as SEQ ID NOS 35 and 36 below: 
SEQ ID NO. 35 

ATGAAAAAAATTGGAATTATTGTCCTG&CACTACT 
TCTAAAATGCCTAAAATTGAAGGCTTCACCTATTATGGAAA 
TTATTAAAACTAGGTGTTAATGTTTCAAGTTACAGTTTAGA 
5 5 ACTGCTGATGATACAGAAGCTATTGCCGCACAAAAACCT 

CCAACTTTAGTTATTAAATATGGTGCACAAAATTATTTAGATATGATGC^ 

GTTAG CCAATGG AAAACTAAAACTCTCGCTGT CAAAAAAGATTTACACCATAT CTTAAAGCCTAACACTACTTTTACTATTATGGATTTTTATGAT 
AAAAATATCTATTTATATGGTAATAATTTTGGACGCGGTGGA 

GT CTTTAAAAAAG GGTGGTTT ACCXTITTCG CAAGAAG CAATCGGTGATTACGTTG GAGATTATG CCCTTGTTAATATAAACAAAACX^CTAAAAAA 
60 GCAGCTTCATCACTTAAAGAAAGTGATGTCTGGAAG 
TCTGACCCTCTATCTTTAGAAGCTCAATTAAAATCA 

SEQ ID NO. 36 
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MKKIGir\^TLLTFFIiVSCGQOTKQESTKTTI^ 
GKQLKEAKKLTMDTEAIAAQKPDLIMVFDQDPra 

KDLHHI LKPNTTFTIMDFYDKNI YL YGNNFGRGGEL I YDSLGYAAPEKVKKDVFKKGW FTVS Q EAI GD YVGD YALVNXNKTTKKAA 
S SL KES DVWKNIj P A VKKGHI IESNYDVFYPSDPIiSLEAQIiKSFTKAIKENTN 

Other preferred polypeptide antigens include: GBS4 (SEQ ID 2 from Ref. 3); GBS22 (SEQ 
ID 8584 from Ref. 3); and GBS85 (SEQ ID 216 from Ref. 3), including polypeptides having amino 
acid sequences with sequence identity thereto etc. 

The polypeptide is preferably not a C protein (alpha or beta or epsilon) or a R protein (Rib). 

The nucleotide and amino acid sequences of GBS 4 in Ref. 3 are SEQ ID 1 and SEQ ID 2. 
These sequences are set forth below as SEQ ID NOS 37 and 38: 
SEQ ED NO. 37 

ATGAAAGTGAAAAATAAGATTTTAA^ 

ATACTGACACGAGTGTOSTGACTACGACCTTATCTG^ 

GACTTTCATCAAGTGAACCAGAAACAAATCCOT 

AGAACXSAAGACAGAAATTGGCAATAATAAGGATATTTCT^ 

GTGATCAAGAAGAAGTGGATCX3CGATC 

AGGAGATAGCCACTCAGATACTGTAATAGCATCTA 

SEQ ID NO- 38 

MKVKNXI LTMVALTVLTCATYS S IGYADTSDKbm>TSVVTTTLSEEKRSDELDQSSTGSSSENESSS 
RTKTEIGNNKDISSGTKVLISEDSIKNFSK^ 

The nucleotide and amino acid sequences of GBS 22 in Ref. 3 are SEQ 8583 and SEQ ID 
8584. These sequences are set forth below as SEQ ID NOS 39 and 40: 
SEQ ID NO. 39 

ATGAAAAGGATACGGAAAAGCCITATTTTTGTTCT 

TGTCAGTAGTGACTAGCTTTTATCCAGTA^ 

TCATGGTTTTGAACCCTCATCAAGTGATGTTGCTC 

TTGGAACCTAGTTTGCATCACTCTAAAGTATCTGT^ 

AAAAAGGAGTAGATGAGTCAACCTTGTATGACCCTCAGACTTGGAA 

TAAAAAGGATCCTAAAAACGCTAAGGTTTATOU\AAAAATGCT 

AAAGCTGCAAAGTCTAAATACTTTGTGACTTCACM 

CAACCGAGCAAGAACCTAGTGCTAAAAAATTAGCCGAAAT^ 

AC CTAAATTAG CTCAAGCAGT AG CTTCAG CTA CTCGAGTT AAAATTG CAAGTTTAAG T CCTTTARAAG CAGTT CC CAAAAACAAT AAAGATT ACTTA 
GAAAATTTGGAAACTAATCTTAAGGTACTTGTCAAATCGTTAAATCAATAG 

SEQ ID NO. 40 

MKRIRKSL I FVLGWTLI CLCACTKQSQQKNGIjSWTSFYPVYSI TKAVSGDLNDIKMIRSQSGIHGFEPSSSDVAAIYDADLFLYHSHTLEAWARR 
LEPSLHHS KVSVI EASKGMTLDKVHGLEJ3VEAEKGVDESTLYDPHTWNDPVKVSEEAQL I ATQLAKKD PKNAKVYQKNADQFS DKAMAI AEKYKPKF 
KAAKS KYFVT SHTAF S YLAKRYGLTQLG I AGVSTEQEPSAKKLAB I QE FVKT YKVKT I FVEEGVS PKLAQAVASATRVKI ASLS PLXAVPKNNKDYL 
ENLETNLKVLVKSLNQ 

The nucleotide and amino acid sequences of GBS 85 in Ref. 3 are SEQ ID 215 and SEQ ID 
216. These sequences are set forth below as SEQ ID NOS 41 and 42: 
SEQ ID NO. 41 

ATG CCTAAGAAG AAATCAGATACCCCAGAAAAAGAAGAAGTTGTCTTAACGGAATGG CAAAAG CGTAACCTTGAATTTTTAAAAAAACG CAAAGAAG 

ATGAAGAAGAACAAAAACGTATT AACX3 AAAAATTACG CTTAGATAAAAGAAGTAAATTAAATATTTCTT CTCCTGAAGAACCT CAAAATACTACTAA 

AATTAAGAAGCTT CATTTTC CAAAGATTTCAAGACCTAAG ATTGAAA^ CTTAG CCAAAACTAATCG C 

ATTAGAACTGCACCTATATTTGTAGTAGCATTCCTA^ 

GTGGAAATCAGCATACA.CCTGATGATATTTTGATAGAGAAAftCGAATATTC 

TGAACAACGTTTAGC1X3CAGAAGATGTATGGGTA7VAAACAGCT 

ATTATTG CATATGCACATACAAAGCAAG GATAT CAAC CTGTCITGGAAACTGGAAAAA^GCTGATC CTGTAAA 
TCTTAACAATTAACCTTGATAAGK3AAGA 

AAGTTTAG CTGATTCTAAAACG ACACCTGACCTCCTGCTGTTAGATATG CAC<1ATGGAAATAGT ATTAGAATACCATTATCTAAATTTAAAGAAAG^ 
CTTCCTTTTTACAAACAAATTAAGAAGA 

CCCCTGTTAAAGCAGAAGATACAAAAAATAAATCAACTGATAAAACACAAACAG 
CTCAAATACTAATCAACAAGGACAACAGATAGCAACAGAGC^ 
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SEQIDNO.42 

MPR30<SDTPEKEEVVLTBWQKRNI^FI*K^ 

IRTAPI FWAFX.VI L VSVFLLT PFSKQKTI TVSGNQHTFDD I L I EKTN I QKNDYFFSLI FKHKA1 EQRIAABDVWVKTAQMTYQFFNKFH I QVQBNK 
5 I IAYAHTKQGYQ PVLiBTG KKAD PVNS SELPKHFLT INLDKEDS I KLL I KDLKAIiDPDIj I S B I QVI SXJUDSKTTTOLLLIiDMHIXjNSIRIPIiSKPKER 
LPFYKQI KKNIiKEPS IVDMEVGVYTTTNTIESTPVKAEDTKNKSTDKTC^ 

GBS polypeptides of the invention may be present in the composition as individual separate 
polypeptides. It is preferred, however, that two or more (i.e. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 
10 15, 16, 17, 18, 19 or 20) of the antigens are expressed as a single polypeptide chain (a 'hybrid' 
polypeptide). Hybrid polypeptides offer two principal advantages: first, a polypeptide that may be 
. unstable or poorly expressed on its own can be assisted by adding a suitable hybrid partner that 
overcomes the problem; second, commercial manufacture is simplified as only one expression and 
purification need be employed in order to produce two polypeptides which are both antigenically 
15 useful. 

The hybrid polypeptide may comprise two or more polypeptide sequences from the first 
antigen group. Accordingly, the invention includes a composition comprising a first amino acid 
sequence and a second amino acid sequence, wherein said first and second amino acid sequences are 
selected from a GBS antigen or a fragment thereof. Preferably, the first and second amino acid 

20 sequences in the hybrid polypeptide comprise different epitopes. 

The hybrid polypeptide may comprise one or more polypeptide sequences from different 
GBS serotypes. Accordingly, the invention includes a composition comprising a first amino acid 
sequence and a second amino acid sequence, said first amino acid sequence and said second amino 
acid sequence selected from a GBS serotype selected from the group consisting of serotypes la, lb, 

25 Ia/c, II, HI, IV, V, VI, VH and VIE. The first and second amino acid sequence may be from the same 
GBS serotype or they may be from different GBS serotypes. Preferably, the first and second amino 
acid sequence are selected a GBS serotype selected from the group consisting of serotypes II and V. 
Most preferably, at least one of the first and second amino acid sequences is from GBS serotype V. 
Preferably, the first and second amino acid sequences in the hybrid polypeptide comprise difference 

30 epitopes. 

In one embodiment, the hybrid polypeptide comprises one or more GBS antigens from 
serotype V. Preferably, the hybrid polypeptide comprises a first amino acid sequence and a second 
amino acid sequence, said first amino acid sequence and said second amino acid sequence 
comprising a GBS antigen or a fragment thereof selected from the group consisting of GBS 80, GBS 
35 91, GBS 104, GBS 147, GBS 173, GBS 276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, 
GBS 338, GBS 358, GBS 361, GBS 404, GBS 656, GBS 690, and GBS 691. Preferably, the GBS 
antigen or fragment thereof is selected from the group consisting of GBS 80 and GBS 691. 
Preferably, the first and second amino acid sequences in the hybrid polypeptide comprise difference 
epitopes. 
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Hybrids consisting of amino acid sequences from two, three, four, five, six, seven, eight, 
nine, or ten GBS antigens are preferred. In particular, hybrids consisting of amino acid sequences 
from two, three, four, or five GBS antigens are preferred. 

Different hybrid polypeptides may be mixed together in a single formulation. Within such 

5 combinations, a GBS antigen may be present in more than one hybrid polypeptide and/or as a 
non-hybrid polypeptide. It is preferred, however, that an antigen is present either as a hybrid or as a 
non-hybrid, but not as both. 

Preferably, the GBS antigen in one of the hybrid polypeptides is GBS 80 or a fragment 
thereof. Accordingly, example's of two-antigen hybrids for use in the invention may comprise: (1) 

10 GBS 80 and GBS 91, (2) GBS 80 and GBS 104, (3) GBS 80 and GBS 147, (4) GBS 80 and GBS 
173, (5) GBS 80 and GBS 276, (6) GBS 80 and GBS 305, (7) GBS 80 and GBS 313; (8) GBS 80 and 
GBS 322, (9) GBS 80 and GBS 328, (10) GBS 80 and GBS 330, (11) GBS 80 and GBS 338, (12) 
GBS 80 and GBS 358, (13) GBS 80 and GBS 361, (14) GBS 80 and GBS 404, (14) GBS 80 and 
GBS 404, (15) GBS 80 and GBS 656, (16) GBS 80 and GBS 690, and (17) GBS 80 and GBS 691. 

15 Preferably, a two-antigen hybrid for use in the invention comprises GBS 80 and GBS 691 . 

Hybrid polypeptides can be represented by the formula NH 2 -A-{-X-Lr-} w -B-COOH, wherein: 
X is an amino acid sequence of a GBS antigen or a fragment thereof; L is an optional linker amino 
acid sequence; A is an optional N-terminal amino acid sequence; B is an optional C-terminal amino 
acid sequence; and n is 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15. 

20 If a -X- moiety has a leader peptide sequence in its wild-type form, this may be included or 

omitted in the hybrid protein. In some embodiments, the leader peptides will be deleted except for 
that of the -X- moiety located at the N-terminus of the hybrid protein i.e. the leader peptide of Xi will 
be retained, but the leader peptides of X 2 ... X n will be omitted. This is equivalent to deleting all 
leader peptides and using the leader peptide of Xi as moiety -A-. 

25 For each n instances of {-X-L-}, linker amino acid sequence -L- may be present or absent. 

For instance, when -/r=2 the hybrid may be NH 2 -X r Li-X 2 -I^-COOH, N^-Xj-Xa-COOH, 
NH2-X1-L1-X2-COOH, NH2-X1-X2-L2-COOH, etc. Linker amino acid sequence(s) -L- will typically 
be short (e.g. 20 or fewer amino acids i.e. 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 
1). Examples comprise short peptide sequences which facilitate cloning, poly-glycine linkers (i.e. 

30 comprising Gly„ where n = 2, 3, 4, 5, 6, 7, 8, 9, 10 or more), and histidine tags (i.e. His„ where n = 3, 
4, 5, 6, 7, 8, 9, 10 or more). Other suitable linker amino acid sequences will be apparent to those 
skilled in the art. A useful linker is GSGGGG (SEQ ID 1), with the Gly-Ser dipeptide being formed 
from a BamHI restriction site, thus aiding cloning and manipulation, and the (Gly) 4 tetrapeptide 
being a typical poly-glycine linker. 
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-A- is an optional N-terminal amino acid sequence. This will typically be short (e.g. 40 or 
fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 
18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to 
direct protein trafficking, or short peptide sequences which facilitate cloning or purification (e.g. 
5 histidine tags Le. Bis„ where n - 3, 4, 5, 6, 7, 8, 9, 10 or more). Other suitable N-terminal amino acid 
sequences will be apparent to those skilled in the art If Xi lacks its own N-terminus methionine, -A- 
is preferably an oligopeptide (e.g. with 1, 2, 3, 4,. 5, 6, 7 or 8 amino acids) which provides a N- 
terminus methionine. 

-B- is an optional C-terminal amino acid sequence. This will typically.be short (e.g. 40 or . 

10 fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 
18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include sequences to direct 
protein trafficking, short peptide sequences which facilitate cloning or purification (e.g. comprising 
histidine tags i.e. His„ where n « 3, 4, 5, 6, 7, 8, 9, 10 or more), or sequences which enhance protein 
stability. Other suitable C-terminal amino acid sequences will be apparent to those skilled in the art. 

15 Most preferably, n is 2 or 3. 

Hie saccharide antigen 

The saccharide antigen is generally the capsular polysaccharide of a GBS or a derivative 

thereof. Suitable derivatives include oligosaccharide (e.g. from 3 to 150, preferably 8 to 100, 
20 monosaccharide units) fragments of the polysaccharide (e.g. refe. 12 to 16), de-acetylated saccharides 

(Ref. 16), N-acroylated saccharides (16), saccharides with terminal aldehyde groups, etc. 

The saccharide is preferably conjugated to a carrier molecule to enhance immunogenicity 

(e.g. see refs. 4 to 23 etc.). In some embodiments of the invention the GBS saccharide is conjugated 

to a GBS protein as defined above, thereby giving a polypeptide/saccharide combination of the 
25 invention in a single molecule. In other embodiments the GBS saccharide is conjugated to a non- 

GBS protein, in which case the conjugate will be combined with a separate GBS protein to give a 

polypeptide/saccharide combination of the invention. 

Non-GBS carrier polypeptides include tetanus toxoid, the N.meningitidis outer membrane 

protein (24), synthetic peptides (25, 26), heat shock proteins (27, 28), pertussis proteins (29, 30), 
30 protein D from H.influenzae (31), cytokines (32), lymphokines (32), hormones (32), growth factors 

(32), toxin A or B from C.difficile (33), iron-uptake proteins (34) etc. Preferred carrier proteins are 

the CRM197 diphtheria toxoid (35) and tetanus toxoid. 

The saccharide and polypeptide are joined covalently. This may involve a direct covalent 

bond between the saccharide and polypeptide, or indirect coupling via a linker or spacer may be used 
35 (e.g. via a B-propionamido linker (16), etc.). Any suitable conjugation chemistry may be used (e.g 

reductive amination (21) etc.). Linkage is preferably via a terminal saccharide in the polysaccharide. 
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A single carrier molecule may carry saccharide antigens of a single type (e.g. saccharides 
derived from a single GBS serotype) or may carry multiple different antigens (e.g. saccharides 
derived from multiple GBS serotypes, all conjugated to the same carrier). 

The saccharides can, of course, be prepared by various means (e.g. purification of the 
5 saccharide from GBS, chemical synthesis, etc.), in various sizes (e.g. full-length, fragmented, etc.) 
and may be derivatised for linking to carriers. They are preferably prepared in substantially pure 
form (i.e. substantially free from other streptococcal saccharides) or substantially isolated form. 
Processes for preparing capsular polysaccharides from GBS are well known in the art (e.g. refs. 36 to 
39) and processes for preparing oligosaccharides from polysaccharides are also known (e.g. 
10 hydrolysis, sonication, enzymatic treatment, treatment with a base followed by nitrosation, etc. (12 to 
16)). 

As an alternative to using a saccharide antigen in non-conjugated combinations, a peptide 
mimetic of the GBS capsular polysaccharide may be used (e.g. 40). Suitable peptides can be selected 
by techniques such as phage display using protective anti-saccharide antibodies. As a further 
15 alternative, an anti-idiotypic antibody may be used instead of a saccharide antigen (e.g. ref. 41). 

Prime/boost schedules 

Polypeptide/saccharide combinations of the invention maybe given as single doses or as part 
of a prime/boost schedule. In a prime/boost schedule, the combinations may be used as the priming 

20 dose, the boosting dose(s), or both. 

If a combination is used for both priming and boosting, it is preferred to use the same 
combination both times. If a combination is used for only one of priming and boosting, it is 
preferred that the other dose should use the polypeptide or saccharide on which the combination is 
based. Thus the invention provides a prime-boost schedule where either (i) one of the saccharide and 

25 polypeptide antigens is used for priming an immune response and a combination are used for 

boosting the response, or (ii) combined saccharide and polypeptide antigens are used for priming an 
immune response but only one is used for boosting the response. 

Various timings for priming and boosting are suitable for use with the invention. In one 
embodiment, a priming dose is given to a child and a booster is given to a teenager (13-18 years) or 

30 young adult (19-25 years). In another embodiment, a priming dose is given to a teenager or young 
adult and a booster is given during pregnancy. In another embodiment, a priming dose is given to a 
female who intends to become pregnant and a booster is given during pregnancy. 

Immunogenic pharmaceutical compositions 
35 Polypeptide/saccharide combinations are formulated as immunogenic compositions, and 

more preferably as compositions suitable for use as a vaccine in humans (e.g. children or adults). 
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Vaccines of the invention may either be prophylactic (i.e. to prevent infection) or therapeutic (i.e. to 
treat disease after infection), but will typically be prophylactic. Accordingly, the invention includes a 
method for the therapeutic or prophylactic treatment of GBS infection in an animal susceptible to 
GBS infection comprising administering to said animal a therapeutic or prophylactic amount of the 
5 immunogenic compositions of the invention. 

The composition of the invention is preferably sterile. 

The composition of the invention is preferably pyrogen-free. 

The composition of the invention generally has a pH of between 6.0 and 7.0, more preferably 
to between 6.3 and 6.9 e.g. 6.6+0.2. The composition is preferably buffered at this pH. 
10 Other components suitable for human administration are disclosed in reference 42. 

Vaccines of the invention may be administered in conjunction with other immunoregulatory 
agents. In particular, compositions will usually include an adjuvant. Preferred further adjuvants 
include, but are not limited to, one or more of the following set forth below: 

A. Mineral Containing Compositions 

15 Mineral containing compositions suitable for use as adjuvants in the invention include 

mineral salts, such as aluminium salts and calcium salts. The invention includes mineral salts such as 
hydroxides (e.g. oxyhydroxides), phosphates (e.g. hydroxyphoshpates, orthophosphates), sulphates, 
etc. {e.g. see chapters 8 & 9 of ref. 43}), or mixtures of different mineral compounds, with the 
compounds taking any suitable form (e.g. gel, crystalline, amorphous, etc.), and with adsorption 

20 being preferred. The mineral containing compositions may also be formulated as a particle of metal 
salt. See ref. 44. 

B. Oil-Emulsions 

Oil-emulsion compositions suitable for use as adjuvants in the invention include squalene- 
water emulsions, such as MF59 (5% Squalene, 0.5% Tween 80, and 0.5% Span 85, formulated into 
25 submicron particles using a microfluidizer). See ref. 45. 

Complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant (IFA) may also be 
used as adjuvants in the invention. 

C. Saponin Formulations 

Saponin formulations, may also be used as adjuvants in the invention. Saponins are a 
30 heterologous group of sterol glycosides and triterpenoid glycosides that are found in the bark, leaves, 
stems, roots and even flowers of a wide range of plant species. Saponin from the bark of the Quillaia 
saponaria Molina tree have been widely studied as adjuvants. Saponin can also be commercially 
obtained from Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil), and Saponaria 
officianalis (soap root). Saponin adjuvant formulations include purified formulations, such as QS21, 
35 as well as lipid formulations, such as ISCOMs. 

Saponin compositions have been purified using High Performance Thin Layer 
Chromatography (HP-LC) and Reversed Phase High Performance Liquid Chromatography (RP- 
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HPLQ. Specific purified fractions using these techniques have been identified, including QS7, 
QS17, QS18, QS21, QH-A, QH-B and QH-C. Preferably, the saponin is QS21. A method of 
production of QS21 is disclosed in U.S. Patent No. 5,057,540. Saponin formulations may also 
comprise a sterol, such as cholesterol (see WO 96/33739). 

5 Combinations of saponins and cholesterols can be used to form unique particles called 

Immunostimulating Complexs (ISCOMs). ISCOMs typically also include a phospholipid such as 
phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used in ISCOMs. 
Preferably, the ISCOM includes one or more of Quil A, QHA and QHC. ISCOMs are further 
described in EP 0 109 942, WO 96/11711 and WO 96/33739. Optionally, the ISCOMS may be 

10 devoid of additional detergent. Seeref. 46. 

A review of the development of saponin based adjuvants can be found at ref. 47. 

C. Virosomes and Virus Like Particles (VLPs^ 

Virosomes and Virus Like Particles (VLPs) can also be used as adjuvants in the invention. 
These structures generally contain one or more proteins from a virus optionally combined or 

15 formulated with a phospholipid. They are generally non-pathogenic, non-replicating and generally 
do not contain any of the native viral genome. The viral proteins may be recombinantly produced or 
isolated from whole viruses. These viral proteins suitable for use in virosomes or VLPs include 
proteins derived from influenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid 
proteins), Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, 

20 Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages, QB-phage (such as coat 
proteins), GA-phage, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty protein pi). VLPs 
are discussed further in WO 03/024480, WO 03/024481, and Refs. 48, 49, 50 and 51. Virosomes are 
discussed further in, for example, Ref. 52 

D. Bacterial or Microbial Derivatives 

25 Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as: 

(1) Non-toxic derivatives of enterobacterial lipopolysaccharide (LPS) 

Such derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL 
(3dMPL). 3dMPL is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated 
chains. A preferred "small particle" form of 3 De-O-acylated monophosphoryl lipid A is disclosed in 
30 EP 0 689 454. Such "small particles" of 3dMPL are small enough to be sterile filtered through a 
0.22 micron membrane (see EP 0 689 454). Other non-toxic LPS derivatives include 
monophosphoryl lipid A mimics, such as aminoalkyl glucosaminide phosphate derivatives e.g. 
RC-529. See Ref. 53. 

(2) Lipid A Derivatives 

35 Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174. 

OM-174 is described for example in Ref. 54 and 55. 

(3) Immunostimulatory oligonucleotides 
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Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include 
nucleotide sequences containing a CpG motif (a sequence containing an unmethylated cytosine 
followed by guanosine and linked by a phosphate bond). Bacterial double stranded RNA or 
oligonucleotides containing palindromic or poly(dG) sequences have also been shown to be 
5 immunostimulatory. 

The CpG's can include nucleotide modifications/analogs such as phosphorothioate 

modifications and can be double-stranded or single-stranded. Optionally, the guanosine may be 
* 

replaced with an analog such as 2 , -deoxy-7-deazaguanosine. See ref. 56, WO 02/26757 and WO 
99/62923 for examples of possible analog substitutions. The adjuvant effect of CpG oligonucleotides 

10 is further discussed in Refe. 57, 58, WO 98/40100, U.S. Patent No. 6,207,646, U.S. Patent No. 
6,239,1 16, and U.S. Patent No. 6,429,199. 

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT. See 
ref. 59. The CpG sequence may be specific for inducing a Thl immune response, such as a CpG-A 
ODN, or it may be more specific for inducing a B cell response, such a CpG-B ODN. CpG-A and 

15 CpG-B ODNs are discussed in refis. 60, 61 and WO 01/95935. Preferably, the CpG is a CpG-A ODN. 
Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for receptor 
recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3' ends to form 
"immunomers". See, for example, refs. 62, 63, 64 and WO 03/035836. 

(4) ADP~ribosylating toxins and detoxified derivatives thereof. 

20 Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as 

adjuvants in the invention. Preferably, the protein is derived from E. coli (i.e., E. coli heat labile 
enterotoxin "LT), cholera ("CT"), or pertussis ("PT"). The use of detoxified ADP-ribosylating 
toxins as mucosal adjuvants is described in WO 95/17211 and as parenteral adjuvants in WO 
98/42375. Preferably, the adjuvant is a detoxified LT mutant such as LT-K63, LT-R72, and 

25 LTR192G. The use of ADP-ribosylating toxins and detoxified derivaties thereof, particularly LT- 
K63 and LT-R72, as adjuvants can be found in Refs. 65, 66, 67, 68, 69, 70, 71 and 72 each of which 
is specifically incorporated by reference herein in their entirety. Numerical reference for amino acid 
substitutions is preferably based on the alignments of the A and B subunits of ADP-ribosylating 
toxins set forth in Domenighini et al., Mol. Microbiol (1995) 15(6): 11 65 - 1167, specifically 

30 incorporated herein by reference in its entirety. 
E. Human Immunomodulators 

Human immunomodulators suitable for use as adjuvants in the invention include cytokines, 
such as interleukins (e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, EL- 12, etc.), interferons {e.g. interferon- 
7), macrophage colony stimulating factor, and tumor necrosis factor. 

35 F. Bioadhesives and Mucoadhesives 

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable 
bioadhesives include esterified hyaluronic acid microspheres (Ref. 73) or mucoadhesives such as 
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cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone, 
polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be used as 
adjuvants in the invention. E.g., ref. 74. 

G. Microparticles 

5 Microparticles may also be used as adjuvants in the invention. Microparticles {i.e. a particle 

of ~100nm to ~150/xm in diameter, more preferably ~200nm to ~30/xm in diameter, and most 
preferably ~500nm to ~10/mi in diameter) formed from materials that are biodegradable and 
non-toxic (eg. a poly(a-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, 
a polycaprolactone, etc.), with poly(lactide-co-glycolide) are preferred, optionally treated to have a 
10 negatively-charged surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic 
detergent, such as CTAB). 

H. Liposomes 

Examples of liposome formulations suitable for use as adjuvants are described in U.S. Patent 
No. 6,090,406, U.S. Patent No. 5,916,588, and EP 0 626 169. 
15 I. Polvoxvethvlene ether and Polvoxvethvlene Ester Formulations 

• Adjuvants suitable for use in the invention include polyoxyethylene ethers and 
polyoxyethylene esters. Ref. 75. Such formulations further include polyoxyethylene sorbitan ester 
surfactants in combination with^an octoxynol (Ref. 76) as well as polyoxyethylene alkyl ethers or 
ester surfactants in combination with at least one additional non-ionic surfactant such as an octoxynol 
. 20 (Ref. 77). 

Preferred polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl 
ether (laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene- 
4-lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether. 

J. Polvphosohazene (PCPP) 

25 PCPP formulations are described, for example, in Ref. 78 and 79. 

K. Muramvl peptides 

' Examples of muramyl peptides suitable for use as adjuvants in the invention include N- 
acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine 
(nor-MDP), and N-acetylmuramyl-L-alanyl-D-isoglutam 
30 hydroxyphosphoryloxy)-ethylamine MTP-PE). 

L. Imidazoquinolone Compounds . 

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include 
Imiquamod and its homologues, described further in Ref. 80 and 81. 

The invention may also comprise combinations of aspects of one or more of the adjuvants identified 
35 above. For example, the following adjuvant compositions may be used in the invention: 
(1) a saponin and an oil-in-water emulsion (ref. 82); 
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(2) a saponin (e.g.., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) (see WO 
94/00153); 

(3) a saponin (e.g.., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) + a cholesterol; 

(4) a saponin (e.g. QS21) + 3dMPL + IL-12 (optionally + a sterol) (Ref. 83); 

5 combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (Ref. 84); 

(5) SAF, containing 10% Squalane, 0.4% Tween 80, 5% pluronic-block polymer LI 21, 
and thr-MDP, either microfluidized into a submicron emulsion or vortexed to generate a larger 
particle size emulsion. 

(6) Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2% 
10 Tween 80, and one or more bacterial cell wall components from the group consisting of 

monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS), 
preferably MPL + CWS (Detox™); and 

(7) one or more mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS 
(such as 3dPML). 

15 Aluminium salts and MF59 are preferred adjuvants for parenteral immunisation. Mutant 

bacterial toxins are preferred mucosal adjuvants. 

The composition may include an antibiotic. 

GBS polypeptide(s) and saccharide(s) in the compositions of the invention will be present in 
'immunologically effective amounts' i.e. the administration of that amount to an individual, either in 

20 a single dose or as part of a series, is effective for treatment or prevention of disease. This amount 
varies depending upon the health and physical condition of the individual to be treated, age, the 
taxonomic group of individual to be treated (e.g. non-human primate, primate, etc.), the capacity of 
the individual's immune system to synthesise antibodies, the degree of protection desired, the 
formulation of the vaccine, the treating doctor's assessment of the medical situation, and other 

25 relevant factors. It is expected that the amount will fall in a relatively broad range that can be 
determined through routine trials. 

Typically, the compositions of the invention are prepared as injectables. Direct delivery of 
the compositions will generally be parenteral (e.g. by injection, either subcutaneously, 
intraperitoneally, intravenously or intramuscularly or delivered to the interstitial space of a tissue) or 

30 mucosal (e.g. oral or intranasal [85,86]). The compositions can also be administered into a lesion. 
The invention provides a syringe containing a composition of the invention. 

Once formulated, the compositions of the invention can be administered directly to the 
subject. The subjects to be treated can be animals; in particular, human subjects can be treated. The 
vaccines are particularly useful for vaccinating children and teenagers, and more particularly 

35 females. 
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As well as GBS polypeptides and saccahrides, the composition of the invention may 
comprise further antigens. For example, the composition may comprise one or more of the following 
further antigens: 

- antigens from Helicobacter pylori such as CagA [87 to 90], VacA [91 , 92], NAP [93, 94, 95], 
5 HopX [e.g. 96], HopY [e.g. 96] and/or urease. 

- a saccharide antigen from N.meningitidis serogroup A, C, W135 and/or Y, such as the 
oligosaccharide disclosed in ref. 97 from serogroup C [see also ref. 98] or tide 
oligosaccharides of ref. 99. 

- a saccharide antigen from Streptococcus pneumoniae [e.g. 100, 101, 102]. 
10 - an antigen from hepatitis A virus, such as inactivated virus [e.g. 103, 104]. 

- an antigen from hepatitis B virus, such as the surface and/or core antigens [e.g 104, 105]. 

- an antigen from Bordetella pertussis, such as pertussis holotoxin (PT) and filamentous 
haemagglutinin (FHA) from B. pertussis, optionally also in combination with.pertactin and/or 
agglutinogens 2 and 3 [e.g. refs. 106 & 107]. 

15 - a diphtheria antigen, such as a diphtheria toxoid [e.g. chapter 3 of ref. 108] e.g. the CRMi 97 
mutant [e.g. 109]. 

- a tetanus antigen, such as a tetanus toxoid [e.g. chapter 4 of ref. 128]. 

- a saccharide antigen from Haemophilus influenzae B [e.g. 98]. 

- an antigen from hepatitis C virus [e.g. 1 10]. 

20 - an antigen from ^(.gonorrhoeae [e.g. 1 1 1 , 1 12, 1 13, 1 14]. 

- an antigen from Chlamydia pneumoniae [e.g. refs. 115 to 121]. 

- an antigen from Chlamydia trachomatis [e.g. 122]. 

- an antigen from Porphyromonas gingivalis [e.g. 123]. 

- polio antigen(s) [e.g. 124, 125] such as OPV or, preferably, IPV. 

25 - rabies antigen(s) [e.g. 126] such as lyophilised inactivated virus [e.g. 127, RabAvert™]. 

- measles, mumps and/or rubella antigens [e.g. chapters 9, 10 & 11 of ref. 128]. 

- influenza antigen(s) [e.g, chapter 19 of ref. 128], such as the haemagglutinin and/or 
neuraminidase surface proteins. 

- an antigen from Moraxella catarrhalis [e.g. 1 29]. 

30 - an antigen from Streptococcus pyogenes (group A streptococcus) [e.g. 3, 130, 131]. 

- an antigen from Staphylococcus aureus [e.g. 1 32]. 

- an antigen fcomBacillus anthracis [e.g. 133, 134, 135]. 

- an antigen from a virus in the flaviviridae family (genus flavivirus), such as from yellow 
fever virus, Japanese encephalitis virus, four serotypes of Dengue viruses, tick-borne 

35 encephalitis virus, West Nile virus. 
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- a pesti virus antigen, such as from classical porcine fever virus, bovine viral diarrhoea virus, 
and/or border disease virus. 

- a parvovirus antigen e.g. from parvovirus B19. 

- a prion protein (e.g. the CJD prion protein) 

5 - an amyloid protein, such as a beta peptide [136] 

- a cancer antigen, such as those listed in Table 1 of ref. 137 or in tables 3 & 4 of ref. 138. 

The composition may comprise one or more of these further antigens. 

Toxic protein antigens may be detoxified where necessary (e.g. detoxification of pertussis 
toxin by chemical and/or genetic means [1 07]). 
10 Where a diphtheria antigen is included in the composition it is preferred also to include 

tetanus antigen and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred 
also to include diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is 
preferred also to include diphtheria and tetanus antigens. DTP combinations are thus preferred. 
Saccharide antigens are preferably in the form of conjugates. Carrier proteins for the conjugates are 
15 the same as those described above for GBS saccharide conjugation, with CRM197 being preferred. 

Antigens in the composition will typically be present at a concentration of at least lug/ml 
each. In general, the concentration of any given antigen will be sufficient to elicit an immune 
response against that antigen. 

As an alternative to using protein antigens in the composition of the invention, nucleic acid 
20 encoding the antigen may be used. Protein components of the compositions of the invention may 
thus be replaced by nucleic acid (preferably DNA e.g. in the form of a plasmid) that encodes the 
protein. 

Methods of treating patients 

The invention provides polypeptide/saccharide combinations of the invention for use as 
25 medicaments.. The medicament is preferably able to raise an immune response in a mammal (£e it is 
an immunogenic composition) and is more preferably a vaccine. 

The invention also provides a method of raising an immune response in a patient, comprising 
administering to a patient a composition of the invention. The immune response is preferably 
protective against streptococcal disease, and may comprise a humoral immune response and/or a 
30 cellular immune response. 

The invention also provides the use of polypeptide/saccharide combination of the invention in 
the manufacture of a medicament for raising an immune response in an patient. The medicament is 
preferably an immunogenic composition (e.g. a vaccine). The medicament is preferably for the 
prevention and/or treatment of a disease caused by GBS (e.g. meningitis, sepsis, chorioamnionitis). 
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The invention also provides for a kit comprising a first component comprising the 
immunogenic compositions of the invention. The kit may further include a second component 
comprising one or more of the following: instructions, syringe or other delivery device, adjuvant, or 
pharmaceutically acceptable formulating solution. 
5 The invention also provides a delivery device pre-filled with the immunogenic compositions 

of the invention. 

The invention also provides a method for raising an immune response in a mammal 
comprising the step of administering an effective amount of a composition of the invention. The 
immune response is preferably protective and preferably involves antibodies and/or cell-mediated 
10 immunity. The method may raise a booster response. 
Process for manufacturing 

The invention provides a process for preparing a composition of the invention, comprising 
the step of mixing (i) one or more GBS polypeptide antigens with (ii) one or more GBS saccharide 
antigens. 

15 The process may comprise the step of covalently linking the GBS polypeptide to the GBS 

saccharide in order to form a conjugate. 
Definitions 

The term "comprising" means "including" as well as "consisting" e.g. a composition 

"comprising" X may consist exclusively of X or may include something additional e.g. X + Y. 
20 The term "about" in relation to a numerical value x means, for example, x±\0%. 

The word "substantially" does not exclude "completely" e.g. a composition which is 

"substantially free" from Y may be completely free from Y. Where necessary, the word 

"substantially" may be omitted from the definition of the invention. 

MODES FOR CARRYING OUT THE INVENTION 
25 GBS serotype HI is grown in Todd-Hewitt broth as described in reference 36 and its capsular 

polysaccharide was purified. The polysaccharide is depolymerised, sized and purified as described in 

reference 14 to give oligosaccharide antigen. Similar procedures are used to prepare capsular 

polysaccharides from other GBS serotypes. 

The oligosaccharide is either admixed with or covalently conjugated (directly or via a linker) 
30 to purified serotype V protein. Preferably, the protein comprises a GBS antigen or a fragment 

thereof selected from the group consisting of GBS 80, GBS 91, GBS 104, GBS 147, GBS 173, GBS 

276, GBS 305, GBS 313, GBS 322, GBS 328, GBS 330, GBS 338, GBS 358, GBS 361, GBS 404, 

GBS 656, GBS 690, and GBS 691. 
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It will be understood that the invention has been described by way of example only and 
modifications may be made whilst remaining within the scope and spirit of the invention. All 
documents cited herein are incorporated by reference in their entirety. 
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